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MODIFIED LABELED NUCLEOSIDES 
AND POLYNUCLEOTIDES AJHJ1 METHODS OF 
PREPARING. UTILI2INGx<ND DETECTING SAME 




ABSTRACT OF THE DISCLOSURE 



Nucleotides and^"polynucleotides , including DNA, ate 
chemically / »^dified or labeled so as to be capable of 
ready defection when attached to and/or incorporated in 
nucLe^c acid material 



J 
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stranded, are selectively and quanta'tively retained on 
avidin^Sepharose, even after extensive washing with 8M 
urea , 6M guanidine hydrochloride or 99% formamide. In 
addition, biot in-labeled nucleotides can be selectively 
immuhoprecipitated in the presence of antibiotin 
antibody and Staphylococcus aurea , Protein A. These 
unique features of biotin-labeled polynucleotides 
suggest that they are useful affinity probes for the 
detection and isolation of specific DNA and RNA 
sequences. It is indicated in the article that the 
subject matter of the article is comprised in a pending 
U.S. patent application. 

The disclosures of this article and above-referred 
pending patent application are herein incorporated and 
made part of this disclosure. 

The patent appl ication* refer red to in the above- 
identified article is U.S. P^nt application Serial No. 
- 255,223 filed April 17, 19sO The disclosures of this 
pendi ng - U. S « -p afcent application Sor-i - dl No. 255,223 aco ■ 
frerTO i-iu o^ L po i: afccd and made part - of lifts dibiloauro — 
In the above-identified pending U.S. patent application 
the subject matter of the above-identified article is 
disclosed and additionally it is disclosed that 



compounds having the structure: 

* . - . B * • * A 



wherein B represents a purine, deazapurine, or pyrimidine 
moiety covalently bonded to the exposition of the sugar 
moiety, provided that when B" is purine or 7-deazapur ine , it 
is attached at the ^-position of the purine or deazapurine, 
and when B is pyrimidine, it is attached at the Nl-pcsition; 

wherein A represents a moiety consisting of at. least three 
carbon' atoms which is capable of forming a detectable ccm- 
■ plex with a polypeptide when the compound is incorporated 
into- a. double-stranded ribonucleic acid, deoxyribonucleic 
acid duplex, or DNA-RNA hybrid; 

■wherei'n the dotted line represents a chemical linkage ; join- 
- ing 8 and A, provided that if B is purine the linkage is 
attached to the 8-position of the purine, if B is 7-deaza- 
purine, the linkage is attached to the 7-position of the 
deazapurine, and if B is pyridine, the linkage is attache- 
to the 5-position of the pyrimidine; and 

wherein each of x, y r and z represents 

H-, H0-, H0-I-0-, HO-^O-f-0-, or HO-f-0-f -o4-0- , are 
0H . OH OH OH OH OH 

widely useful as probes in biomedical research and recom- 
binant DNA technology.- 

J> Particularly useful are compounds encompassed within this 
structure which additionally have one or more of the follow- 
ing character istics: A is non-aromatic; A is at l«ast-C 3 ; 
the chemical linkage joining 3 and A includes an a -oler imc 
• bond; A is biotin or iminobiotin; and B is a pyrimidine or 
7-deazapur ine . 



rhese compounds may be prepared by. a process which involves 



(a) 



reacting a compound having the structure: 

B 




y z 

a mercuric salt in a suitable solvent under 
suitable conditions so as to form a mercurated com- 
pound\having the structure: 

B-Hg + 




(b) r eactinc 
ical moiety re 
mercurated compcJ 
••♦N, said 



y z 

id mercurated compound with a chem- 
tive with the -Hg + portion of said 
ind and represented by the formula 
•.being carried out in an aqueous 



reacti 

solvent and in theWesence of K 2 PdCl 4 under suitable 
conditions so as toN^orm a compound having the struc- 
ture : 



B 1 



' N 



X-CH2 



wherein N is a reactive ternun\l functional group or 
is A; and 
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yAc) recovering said compound as said modified nucleo 
X de when N is A, or when M is a reactive terminal 
gcWp, reacting said compound with a compound having 
the\tructure M-A, where in M represents a functional 
grouAreactive with N in an aqueous solvent under 
suitable conditions, so as to forra said modified 
nucleotide, which is then recovered. 

This invention a\o provides compounds having the structure 



HO-P- 



B- • 'A 



m 



B 



—OH 



wherein" each of B, B '', and B" represents \ ?ur ine ; 7-deaza 
purine, oc pyrimidine moiety covalently boWd to the C - 
position of the sugar moiety, provided thatWnever 3, 3^ 
or B" is purine or 7-deazapur ine , it is attacN^ed at the N 
position of the purine or 7-deazacur ine , and wWever B, 3 
or B" is pyrimidine, it is attached at the Nl-pVsition; 

wherein A represents a moiety consisting of at lea\t three 
carbon atoms which is capable of forming a detectabAcom- 
plex'with a polypeptide when the compound is incorporate 
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vnto a double-stranded duplex formed with a complementary 
Abe-nucleic or deoxyribonucleic acid molecule. 

whe\in the dotted line represents a chemical .1 inkage join- 
ing B\and A, provided that if B is purine the linkage is 
attach^ to the 8-position of the purine, if B is ,-deaza- 
purineAhe linkage is attached to the 7-pos ition .of the , 
deazapur\e, and if B is pyrimidine, the linkage is attached 
to the 5-pdsition of the pyrimidine; 

wherein z. rep\esents H- or H0-; and 

wherein m' and Represent integers from 0 up to about 
100,000* \ 

These compounds ca\e prepared by enzymatic polymerization 
of a mixture of nuclides which include the. modined nucleo- 
tides of this invention Alternatively, nucleotides present 
. in oligo- or polynucleosis may be modified using chemical 
methods, ^J^\ 

Nucleotides modified in accordance with the practices 
of this invention and oligo-\nd polynucleotides into which 
the modified nucleotides have\een incorporated may be used 
as probes in biomedical researcV clinical diagnosis, and 
recombinant DNA technology. The\e various utilities are 
based upon the ability of the modules to form stable com- 
plexes with polypeptides which in torn can be detected, 
either by means of properties inherent in the polypeptide or 
by means of detectable moieties whichWe attached to, or 
which interact with, the polypeptide. \ 

Some uses include detecting and identify!** nucleic acid- 
containing etiological agents, e.g. bacteri\and viruses; 
screening bacteria for antibiotic cesistance\diagnosing 
genetic disorders, e.g. thalassemia and sickle\cell anemia; 
chromosomal karyotyping; and identifying tumor <*Hs- • 



several essential criteria must be satisfied in order for a 
Idified nucleotide to be generally suitable as a substitute 
fX a radioactively-labeled form of a naturally occurring 

nuc\o tide ' First ' the modified com P° und mUSt contain 3 
subsXtuent or probe that is unique, i.e., not normally 
found Associated with nucleotides or polynucleotides. 
Second, \he probe must react specifically with chemical or 
biologicaVeagents to provide a sensitive detection system. 
Third, the\nalogs must be relatively efficient substrates 
for. commonly\studied nucleic acid enzymes, since numerous 
practical applications require that the analog be enzymatxc- 
ally metabolized, e.g., the analogs must function as sub- 
strates for nucl\ic acid polymerases. For this purpose, 
probe moieties sh\ld not be placed on ring positions that 
sterically, or otheWe, interfere with the normal Watson - 
Crick hydrogen bondiXgAo tential of the bases. Otherwise, 
the substituents willAn^ld compounds that are inactive as 
polymerase substr a^Asubstitution at ring positions that 
alter the normal -anti" \cleoside conformation also must be 
avoided since such conformational changes usually render 
nucleotide derivatives unacceptable as polymerase substrates 
Normally, such considerations^! t substitution positions 
to the 5-position of a pyrimid^e and the 7-position of a 
purine, or a 7-deazapur ine.. \ 

: Fourth,' 'the detection system should\e capable of interact- 
ing with probe substUuents incorporated into both single- 

: stranded and double-stranded polynucleotides in order to be 
compatible with nucleic acid hybridizat io\ methodologies . 
To satisfy this criterion, it is prefer able\that the probe 
moi-ty be attached to the purine or pyr iraidiA* througn a 
chemical linkage or. "linker arm" so that it canyeadxly 



..sj 
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anteract with antibodies, other detector proteins, or chem- \ 
i^al reagents. 

FifA; the physical and biochemical properties of polynucleo- 
tiAcontaining small numbers of probe substituents should, 
not be\significantly altered so that current procedures 
using radioactive hybridization probes need not be exten- 
sively modified. This criterion must be satisfied whether 
the.?robe\i.s introduced by enzymatic or direct chemical 
means • 

Fih-ally, the linkage that attaches the probe moiety should 
withstand allWcimental conditions to which normal nucleo- 
tides and polynucleotides are routinely subjected, e.g., 
extended hybx idi\ation times at elevated temperatures, phe- 
nol and organic solvent extraction, electrophoresis, etc. 

All of these criteriXVe satisfied by the modified nucleo- 
tides described h.er,pi? 



These modified nucleoti 



s have the structure 
: B' "A 

x-CH 2 \ 0 




wherein B represents a , pur ine , V- deazapurine, or pynmidine 
moiety covalently bonded to theV^- ' -position of the sugar 
moiety, provided that when 3 is purine or 7-deazaour ine , it is 
attached at the ^-position of the\purine or 7-deazapur ine , 
and when B is pyrimidine, it is attached at the Nl-oosition; 

wherein A represents a moiety consistiV of at least three 
carbon atoms which is capable of forming a detectable com- 
plex with a polypeptide when the compoundXis -incorporated. 



lto a double-stranded ribonucleic acid, deoxyribonucleic 
acW duplex, oc DNA-RNA hybrid; 

wherei\the dotted line represents a linkage group joining B 
ad A , \ovided that if B is purine the linkage is attached 
to the Ssidon of the purine, if B is 7-deazapur me , the 
linkage islttached to the 7-position of the 
and. if B. is. pW imidine, the linkage is attached to the 5 
position of the\pye iraidine ; and 

wherein each of x\y and z represents 



,H-, H0>, HO-P-\-, 

... . OH 



000 

H0-P-0-P-0-, or. H0-P-0-P-0-P-0-. 

— OH 



0 
« 



0 
II 



OH 



\ 

OH 



OH OH 



These compounds are wide\ useful as probes in biomedical 
.research and recombinant D*A technology . 

Although in principal all corned* encompassed within this 
structural formula may be ^AJd and used xn 
with the practices of this i£^\lon, certain of th. _com- 
pounds are more readily preparedV used or both, and there- 
fore are presently preferred. 

thus, although purines, pyrimidines a\d 7-deazapur ines are 
in principal useful, pyrimidines and 7 Wa P ur ines are 

'preferred since purine substitution at t\e 8-posx.txon tends 
to render the nucleotides ineffective as Werase substra s 
Thus, although modified purines are usef ul \ cer ta.n r espec.s , 
they are not as generally useful as pyri»xdx\.. and ,-oeaza 
purines. Moreover, pyrimidines and . 7-deazapuWs use £u l.xn 
this invention must- not be naturally substituted at the 5- 
or 7- positions, respectively. As a result, cer\axn oases 
such as thymine, 5-methylcytosine , and 5-hydroxym W- 
cytosine are not useful. Presently preferred bases\are 
cvtosine, uracil, deazaadenine and deazaguanxne . 
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\k may be any moiety which has at least three carbon atoms 
ind is capable of forming a detectable complex with a poly- 
pWide when the modified nucleotide is incorporated into a 
double-stranded duplex containing either deoxyribonucleic or 
aucleic acid, 

"k therefore may be any ligand which possesses these prop- 
erties, \ncluding haptens which are only, immunogenic when 
'attached \d a suitable carrier, but are capable of interact- 
ing with aWopr iate antibodies to produce complexes. Ex- 
amples of mdei ties which are useful include: 

hn m 




C-CH 2 -NH_(^ ^— NO 2 



-C-CH2-CH2C-O-7 
a 1 l W 
0 0 



and 



OH 0 , . of these the preferred A moieties ar< 
■'biotin and iminobiotin. 
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: .Hps tend to' intercalate into a \ 
moreover, since aromatxc -et, en . ^ 

Ise-pairec helical structure i P - ^ 
m Xety K be nonaromat.c Mso «»« ■ ep _ 

notWit sufficient molecular infract* 

t iXu is P^erred that * * * - as C o ^ ^ 
fici.k interaction can occur to. cri . 
comple^s- Biotin and iminobxotxn satisfy 



ter ia. 



Ccon t be base when V£) base T „ u pemlts intec- 

action with ^ 1 "'« , "T" 0 ° Mote ove t , single bonds with 
cilitating complex 10n ' *° „ old th . moi8ty 

sufficiently apart from tl^e neiix * 
•and complex formation withWypeptxde . 

deti „a ;f ,o. a ^ ; ; V c r utuizing a ny 0£ «... 

since -such linkages \ , - 

: ell *nown amine modl £ i=a t io„ cations Exam, e 
pte£aIt ed U„ k a,es de^ed -m ^ZX^lll 
a„ino-2-hydroxy-l-propyl> ether gio.*=s 
-CH-CH-CH2-NH- and -CH.CH-CH 2 -0-CH 2 -cVCH 2 - MB- . 

/"MI \ 



respectively. 
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Xi'thouch these link.,., .re preferred, others . =.n- b. used 
^dinc particularly olefin linkage arms .1th cth m*U 
^.functionalities such as thioi, catboKyUc and 
epoxide functionalities. 

4h. lin\|e groups are attached at specific positions, 

Li ;% S-poIition of a pyridine, the -^J" * a 
•„. ot\e 7-position of a deazapunne. As indicated 

L .reduce edified nucleotide » » l ^ ^ 

methods dis=usse\ herein. It may be that the po 
""urine, which \occupied by a nitrogen atom, b * f 

both! of linkage Aachment. However, the =h.»i=.I substi 

Suitable for this purpose. 

represent groups attached to the 5', 
Wivgar moiety. They may be any 



The letters x, Y> and 2 
3' , and 2' positions of 

of 

0. 
« 

H-, H0-, HO-P-0- 
0H 



ro o 

H0-V-0-P-0-, 
OH OH 



0' 0 0 

w 11 J! o 

or HO-P-O-P— P-0- 
I I 1 
OH OH OH 



though conceivable, it is ^» « ^ £ 

will simultaneously be the same . \ More likely 
o x y, and z will be a phosphat^containing group, either 

J di- or triphosphate and a\least one will be HO- or 
T ls iU e readily aPPceciatedXthe most likely identic 
Iti will be HO- or H- indicating ribonucleotide or deoxy- 
: b nu otide, respectively. SxampleW =-h nucleoti es 
\ cl ude 5-cioonucleoside monophosphate! S'-ri « - 
I diphosphates, S-ribonucleoside trij ^ 
ribonucleoside monophospnates , 5 deoxyriP 

1 . . v, »..« O_deoxvribonucleoside tr ipho^onates , o ? 

I diphosphates, 5 -aeoxyt^u. V w oro 

i; i vn and 5 ' p-deoxvr ibonucleos\de-3 ?. rtor- 

i- ribcnucleoside-3 p, ana = <? uc . \ 

I .*~«lc samples inciude ^-^V ^ * . 
i' in which A is biotin or iminobiotin. ...e ca..wi 



■1 

i 
i 
I 

ft" 
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.C:H=CH-CH 2 -NH- or -CH=CH-CH 2 -C-CH 2 -<fH-CH 2 -NH- , 
arid\B is uracil or cytosine. 

The\eral synthetic approach adopted for introducing the 
linfcerV and probe ,oiety onto the base is d.scussed here 
inabove\(See especially, >.L. Ruth and D.E. Bergstrom J 
Org. ChemV 43, 2870, 1978; D.E. Bergstrom and M. K. Ogawa, 
J.'' Amer. L. Soc. 100, 8106, 1978; and C.F. B.gge, P. 
KalaritisA.R. DSck and M. P. Mertes, J. Amer. Chem. Soc. 
102 2033, ^80.) However, the olefin substituents employed 
hTIein have n\t been used previously. To facilitate attach- 
ment 'of probe' A, it has been found particularly 
desirable to emW olefins with primary amine functional 
groups ,, such as klylamine [AA] or allyl- (3-a»lno-2- 
nydroxy-l-propyl)\ther [ NAGE] , which permit probe attach 
ment by standard am>ine modification reactions, such as, 



m 2 



-CH 2 NH 2 



H * 
-CH 2 NHOR 



0 
II 

R-C 



-CH 2 NH 2 + R-<^ 
O 

Anhydr ide\ 



0. 

\ \ 11 
0\-*- -CH 2 NHCR 



p NOCK — \CH 2 £IHCR 
-CH 2 NH 2 + L/ 

NHS-Jster ( N-hydr\xysuccinimide) 



S 

-CH 2 NH 2 + R-W=C=S-^-CH 2 MHCN^ 
Isothiocyanate 



\CH 2 NH 2 + 
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ZA_ R 



Epoxide 



-CH 2 NHCH 2 CHR 



Because of ease 6f preparation it has been found preferable 
to use NHS 7 esters\for pcobe addition. However, olefin linker 
arms with other modifiable functional groups, such as thiols, 
ear boxy lie acids, epoxides, and the like, can also be em- 
ployed. Furthermore, \both linker arm and. probe can" be added 
in a single-step if deNemed desirable. 

Specifically, -modified ^cleotides having the structure: 

B • * • A 



X<-< 



wherein B represents a pur ine/XT^deazapur ine , or pyrimidine 
moiety covalently bonded to'^n^cl' -position of the sugar 
moiety, provided that when B isWine or 7-deazapur ine , it 
is attached at the N^-position of\the purine or deazapur ine , 
and when B is pyrimidine, it is attached at the Nl-position; 

wherein A represents a moiety consisting of at least three 
carbon atoms which is capable of forming a detectable com- 
plex with a polypeptide when the compound is incorporated 
Into a double-stranded ribonucleic acid\deoxyr ibonucleic 
Icid duplex, DNA-RNA hybrid; 

^herein the dotted line represents a chemical linkage join- 
ing B and A, provided that if B is purine, t)ye linkage is 
Attached to the 8-position of the purine, if Vd eazapUC ine ' 
'the linkage is attached to the 7-position of tfte deaza- 
purine, and if B is pyrimidine, the linkage is Attached to 
;the 5-position of the pyrimidine; and 



therein each of x 

H-, H0-, HO-P-0-, HO 
can prepared by 



y, and z represents 
0 oo Cj 0 0 

-S-0-P-6-, or H0-P-0-P-0-P-0-, 
oh OH OH OH 



OH 



OH 



\(a) reacting a compound having the structure: 

B 




■h 1 J, H 

with \mercuric salt in a suitable : solvent under 
suitably conditions .so as to form a mercurated com- 
pound ha\ing the structure: 

B-Hg + 

x-CH^ 0 



y 2 



(b) reacting sXaid mercurated compound with a chem- 
ical moiet^-jiMve with the -Hg + portion of said 
mercurated compound and represented by the formula 
... Nf said reactio\being carried out in an aqueous 
solvent and in the p\esence of K 2 PdCl 4 under suitable 
conditions so as to fVm a compound having the struc- 
ture: ' \ B«»*N 



wherein N is a reactive terminal functional group or 
is A; and 

(c) recovering said compound as\aid modified nucleo 
tide when N is A , or when N is a ckctive terminal 
group, reacting said compound with a\compound having 
the structure M-A , wherein H represent a functional 
group reactive with N in an aqueous so Vent under 
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.suitable conations, so as to form sa. modified 
Nucleotide, which is then recovered. 



following schema is illustrative: 



Relative 
concentration 

1 
1 



10 



^\ Acetate'buf'f er , ; pH 4-5 




X A c .CH 2 -N H -^-\cH 2 )4. 
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^Although the reactions can be carried out at nydrogen ion 
jncentrations as low as pH 1, or as high as pH 14, it is 
preferred to operate in the range from about 4 to 8 . 
Thisyis especially true when dealing with unstable compounds 
such ias nucleoside polyphosphates, polynucleotides, and nucleo- 
tide coenzymes which are hydrolyzed at pH's outside this 
range. ^Similarly, it is preferred to operate at a temper- 
ature in Vhe range from about 20° C to 30° C tq avoid pos- 
sible decomposition of labile organic substrates. However, 
the reactigiis can be carried out at temperatures from about 
5° C to 100° V* As is usual with chemical reactions, higher 
temperatures promote .the reaction rate and lower tempera- 
tures retard it\ Thus, in the temperature range from 5° C 
to 100° C f the optimum reaction time" may vary from about 10 
minutes to 98 hou\s* In the preferred temperature range, 
reactipn times noriA^lly vary from about 3 to 24 hours.. 



The preferred procedure 7fo\ maintaining the pH in the de- 
sired range is through Athp/ use of buffers. A variety of 
buffers can be empieyS^VV These include, for example, sodium 
or potassium acetate., sodaum or potassium citrate, potassium 
citrate-phosphate, tr is-ace^tate and bor ate-sodium hydroxide 
buffers. The '^concentration \f buffer, when employed, can 
vary over a wide range, up toNabout 2.0 molar. 

While a particular advantage of toe mercuration and palladium 
catalyzed addition reactions is thVt. they can be carried out 
in water, small amounts of an organk solvent can be usefully 
.included' "as a solubility aid. The organic solvents usually 
chosen are those which are miscible with water. These may 
be selected from ethers, alcohols, este\s, ketones, amides, 

and the like such as methanol, ethanol, p\opanol, glycerin, 
'dioxane, acetone, pyridine and dimethylf ortaamide . However, 

since it has been observed that the presenc^of alcohols, 
• such as methanol, often results in alkoxy-adcri tion across 

the olefin double bond, any organic solvent us\d as a sol- 



Int. eduction of 
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\bility aid should be chosen carefully. 
Xoxy substituents to the « - or 9 - exocyclic carbon atoms 
ot\n results in the production of compounds which are uti- 
lized much less efficiently as enzyme substrates. 

Although' various mercuric salts may be utilized, the pres- 
ently preferred salt is mercuric acetate. Also, as indi- 
cated previously, the compounds may be prepared by first 
adding a lW arm and then the moiety A, or by adding a 
linker arnA> which A is already attached. Thus, the chem- 
ical :mbiei:y ^presented by the formula • • • N may be any one 
of the humeroii entities which ultimately result in pro- 
• duction of the \esired compounds. 

Ixamples include \-CH-CH-CH 2 -NH2 ' 
- ' -CH=CH-CH 2 -0-CH 2 WcH 2 -NH 2 , -CH=CH-CH 2 - NH-biotin , and 

; . CH ^CH 2 -CH 2 -0-CH 2 -5H-CH 2 -NH-iminobiotin. 

the amounts of the reactaVrs employed in these reactions 
may vary widely. However,\n general the amounts of unmercur- 
ated compound, mercurated expound, and palladium-containing 
compound will be substantial^ stoichiometric whereas the 
mercuric salt and compound ---^ will be present in molar 
excess, e.g. 5-20 moles of or of mercuric salt per 

mole of mercurated compound or unWcur ated compound, respect- 
ively, in practice, amounts will \ary depending upon varia- 
tions in reaction conditions and thV precise identity of 
ithe reactants. \ 

Lving the biotin probe directly attached to nucleotide 
■'derivatives that are capable of functioning as enzyme sub- 
strates offers considerable versatility, Wh in the exper- 
imental protocols that can be performed. an\ in the detection 
imethods (microscopic and non-microscopic) tW can be 
Utilized for analysis. For example, biotin Nucleotides 
Scan be introduced into polynucleotides which a^e in the 
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process of b«ing synthesized by cells or cru . cell ex- 
tracts, thus maRing it possible to detect and/or isolate . 
IT-; — > Polynucleotide chains. Sue* ; a pcoce u C e 
isV-ssible to do by any direct chemical, modification 
method. Furthermore, enzymes can be used as reagents for 
introducing probes such as biotin into highly selectee or 
site-specific locations in polynucleotides; the chemical 
3 ynthesis\f similar probe-modified products would be ex- 
tremely difficult to achieve at best. 

The S ynthesis\f nucleotides containing biotin or lmino- 
biotin was achUd as detailed in the examples set forth 
hereinafter. Pyridine nucleoside triphosphates con- 
taining either ofVhese probes attached to the C-5 carbon 
ate! were good to Icellent substrate, for a wide variety of 
purified nucleic acX Polymerases of both prokaryctic. and 
eukaryotic origin. ThWeX include DMA polymerase I of E 
coli, bacteriophage M polymerase, DNA polymerases .and 3 
ftm' .urine (A-9) *n*-2n (HeLa) cells, an, the 0^ poly- 
Was* of Herpes simplex 5\rus. Confirming data wer obtain 
:ed with E. col_i DNA polymerase I using either the nick 
translation condition of RigV et al . (P.H.J. ^ > «' 
Wiedemann, C. Rhodes and P. Be\g, J. Mol . Biol 113, 237, 
:1977) or the gap-filling reaction descr ibed by Bou.gv gnon 
i et al (G.J. Bourguignon, P.J. Ta\tersall and D.C. Ward, J. 
Virol. 20, 290, 1976). Bio-dUTP h\s also been found to 
!Ltio7as a polymerase substrate loth in CHO cells permea- 

* bilized by treatment with lysolecithi\ according to the 

] method of Miller, et al . (M.R. Miller,. \c . CastellOt Jr. ■ 
I and A. B . Pardee, Exp. Cell Res. 120, 42l\l979> and in* nu 
" clear replication system prepared from. Heroes simplex m- 
: fected BHK cells. Although biotinyl ribonu^i eoside tn- 

• phosphates were found to function as substrates for the RNA 
: polymerases of E.. coli and bacteriophage T7 , th\y are not 

? utilized as efficiently as their deoxyr ibonucleo^de tn- 
i phosphate- counterparts. Indeed, they are incorpora^d 
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picly,, if at all, by the eukaryctic RNA polymerases ex- 
Sinad (HeLa cell RNA polymerase. Ill, calf thymus RNA poly- 
Xse II and mouse cell R» polymerase II). While this 
limWd range of substrate function does restrict the util- 
ity ik some in vivo or in vitro transcription studies, biot.n 
labele\RMA probes can be prepared .n*yaatically from DMA 
template^ .using E . coli or Tl RNA polymerases or by 3 end- 
labeling \ethods using RA ligase with compounds such as 
biotinyl-pV The AA- and NAGE-der ivatives of UTP are, how- 
e Ur, substktes for the eukaryotic RNA polymerases men- 
tionWd'aboveXwith the availability of antibodies to these 
analogs, the illation of nascent transcripts by immuno- 
logical or affirW procedures should be feasible. 

The enzymatic polarization of nucleotides containing bio- 
"ti„ or., iminobiotin kbstituents was not monitored directly, 
.since neither of thesY^obes were radiolabeled. However, 
tvo lines of experimeJU evidence clearly show that the 
biotinyl-nucleotideV^e?; incorporated. The first is that 
polynucleotides synthesized in the presence of biotin- 
nucleotides are selectivelV retained when chromatography ^ 
over avidin or streptavidin\f f inity columns. (Tables I and 
; h) For example, whereas nor\l DNA, nick translated with 
■fc2p-dAMF, ^ quantitatively el\ed upon the addition of 0.-5 
h Had, the vast majority of bio\inyl-DNA or iminobiotinyl- 
ibNA remains bound to the resin evV after extensive washing 
With high salt, urea, quanidine-HClV f ormamide or 50 mM 
f NaOH. The small fraction of the radWel eluted by these 
hashing conditions is not retained whe\ applied to the cesin 
la second time, suggesting that radioactivity is associat-d 
twith DNA fragments which are free of biokn substitution. 
f T he second line of evidence is that only bVtin- labeled 
loolynucleotides are immunoprecipitated whenVreated with 
four if led anti-biotin igG followed by formal inVfixed Staohv- 
; j lococcus aureus . (Table III) It is clear fro\the data in 
I these tables that extremely, small amounts of bioN^in can be 

i 
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.detected by this method. These results also show that the 

molLle can be recognized by -idin, streptav^n or 
sLific antibodies while the DMA is still in its native, 
Se-stranded for-, a condition that is absolutely essen- 
tiaAf th» antibody-binding oc .vidin-af f inity approaches 
are to\be useful in probe detection employing hybridiza- 
tion techniques. 

TABLE -I 

ACTIVE RETENTION OF BIOTINIZED DMA 
ON AVIDlN-SEPHAROSE 



Eluent 




(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 



3 x 10 s cpra 
10 mM Tris 7^ 
0.2 M NaCl 

.5 M NaCl 
.0 M NaCl 
8 M Urea 

M guanidine-HCl 
99% formamide 

mM Biotin 
50 mM NaOH 



% DMA Retained on Resin 
Bio-DNA (1%) T-DNA 



•100% 

0.1 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 



TABLE II 



\ 



.Affinity Chromatography of Iminobiot in-dUTP 
and Vnobiotinizad - D NA on S tr eptavidin-Sepharose 



Eluent : 

Load - 10 mM T^Sis-HCl, 8.3 
5,0: mM NaCS 

(1) 1 0.1 M Nad' 

(2) 1.0 M NaC 1 
. ( 3}'- » 8 M" Urea 

(4) 6 M guanidine-rBCl 

(5) 50 mM NH 4 -aceta\e, 

pH 4,0 

(6) 50 mM NH 4 -acetate\ 

pH 4.0 
2 mM biotin 



% Retained on SA- Seoharpse 
T-DNA 3H-I3-dUTP "IB-DNA 



8.7 
<0.1 
<0.01 
<0.01 
<0.01 

<0. 01 
<0.-01 



III 



100 
100 
100 

97 ; 5 

97.0 

<0.01 
cO. 01 



99.7 . 
99.7 
99.4 
'98.5 
97.0 

96.5 

<0. 01 



SELECTIVE IMMUNOPRECXPITATION OF BIO-DNA 
WITH ANTI-BIOTIN IgG\and STAPH AUREUS 



D MA * 

T-DNA 
T-DNA 
T-DNA 

Bio-DNA 
Bio-DNA 
Bio-DNA 



Antibody 



Anti-Bio IgG 
Non- immune IgG 



Anti-Bio IgG 
Won- immune IgG 



CPM\ in 
ImmunoXppt , 

70 
87 
55 

53 
3347 
60 



CPM.in . 
Supernatant 

4867 
5197 
5107 

3886 
736 
3900 



r N.T 



pBR-322 DMA , 32a-i a beled; 1%. Biotin subst\tu t ion , 
Specific activity, 2 x 10 7 C p m / U g 
Biotin detection 0 . 001-0 . 01 pmoles , 
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novel compounds having the 




wherein each of B, 
purine, or pyrimidin 
position of the sug 
or B" is purine •ar ^-d e: 
position of the purine 



-OH 
n 

and B" represents a purine, de.aza- 
ety covalently bonded to the C L '- 
ety, provided that whenever B, B' 
purine, it is attached at the 
deazapurine, and whenever B, B', 



or B' 



on or cne ^tn« ~* >• 

is pyrimidine, it iVattached at the sl-pwition, 



wherein A represents a moie^ consisting of. at 1«H* ^ 
carbon atoms-which is -capabl\of forcing a detectable com- 
pie* with a polypeptide when t\e compound is 
into a double-stranded duplex fVmed with a complementary 
ribonucleic or deoxyribonucleic a^id molecule. 

wherein the dotted line representsVinKage. group fin- 
ing B and A, provided that if B is pu^ne, the linkage x 
attached to the 8-position of the puciV if B i. 7-deaza 
purine, the linkage is attached to the 7 Wtion or tne 
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Vdeazapucine, and if B is oyrimidine, the linkage is attached \ 
tls the 5-position of the pyrimidine; 

wherein z represents H- or H0-; and 

whereirivm and . n represent integers from 0 up to about 

ioo,ooo.\ 

Of cour-seXit should be readily understood that in general m 
and n will \ot simultaneously be 0 since, in that event, the 
compound becomes merely a modified nucleotide as described 
previously. \ general B' and B» will vary within the same 
oligo- or polynucleotide, being alternatively uracil, cyto- 
sine, thymine, g\anine, adenine, or the like. Also, in gen- 
eral, the variation will correspond to the ordered sequence 
of nucleotides whiV codes for the synthesis of peptides 
according to the wekknown Genetic Code. However, it is 
intended that the stfeWe shown also embrace polynucleo- 
tides such as poly C, loiV 0. poly r(A-U), and poly d(A-U) 
as well as calf ^Js^kA, ribosomal RNA of E. coli or 
yeast, bacteriophage RN A \nd DNA (R17, fd) , animal viruses 
(SV40 DNA), chromosomal Dn\, and the like, provided only 
that the polynucleotides be\modif ied in accordance with this 
inventioni \ 

It is also to be understood tha\ the structure embraces more 
than one modified nucleotide present in the oligomer or 
polymer, for example, from two to thirty modified nucleo- 
tides. The critical factor in this Regard is that the number 
of modifications not be so great that\the polynucleotide is 
rendered ineffective for the intended dee. 

Finally, it should be understood that modified oligo-. and 
oolynucleotides can be joined to form large\ entities having 
the same structure so long as terminal groups\are rendered 
compatible or reactive. \ 
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These compounds can be made by enzymatic polymerization of v 
Wopriate nucleotides, especially nucleotide triphosphates , 
inXthe presence of a nucleic acid template which directs 
synthesis under suitable conditions. Such conditions can 
varyWidely depending upon the enzyme employed, amounts of 
nucleotides present, and other variables. Illustrative 
enzymesXinclude DNA polymerase I of B. coli/ bacteriophage 
T4 DNA polymerase, DNA polymerases a and 8 from murine and 
human (HeL) cells, DNA polymerase from Herpes simplex 
virus, RNAWymerase of E. coli, RNA polymerase of bacter- 
iophage T7,\ukaryotic RNA polymerase including HeLa cell 
RNA 'polymerasY III, calf thymus RNA polymer ase II , and mouse 
cell RNA polymerase II. 

Also, the compounds can be. prepared by terminal addition to 
oligo- or polynucleotides to produce compounds in which m or 
n is 0 depending up\>M<hether the addition is at the 5' or 
3' position. MoreovYr ,) the compounds such as pCp or pUp in 
which the base is Jx^nized can be added to existing mole- 
cules employing the enzyme RNA ligase. 

Modified oligo- and polynucleotides' can also be prepared by. 
chemical modification of existing oligo- or polynucleotides 
using the approach described previously for modification of 
individual nucleotides. \ 

The various modified' nucleotides . oligonucleotides, and 
polynucleotides of this invention may. be detected by con- 
tacting the compounds with polypeptides which are capable or 
forming complexes therewith . under\suitable conditions so as 
to form the complexes, provided thk the polypeptides in- 
clude one or more moieties which can\be detected when tne 
complex or complexes is or are formed\ generally by means of 
conventional detection techniques. \ 

One polypeptide detector for the biotiny\type probe is 
■ ■ avidin. 'the avidin-biotin interaction exh^its one or the 
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' ' f^j- = 10 3 ^\ seen in 

V"' 11 aVldin U C ° UP " t dv., («xu««e.in. 

p.essncsYlocation and/or quantity o£ tha P 

be established. , 

4 ,idin naW.Vortunately, one property that U U«» 

sUahie a/Win-indicator protein - 
function with n\l.ic »=ias or chromatin ««.» .1. » 

'• ! v=U ,m\ Heaqeness, Stain Technol . , 52, 16a, 
been reported <M.^ ' Biol ., 73, 783, 

1977- M.H. Heggenes>s and J. P. Asn, J- 
- 1977'. E A Bayer and\M^ilche, , Methods of Biochemical 
1977; ,B-.A, Bay* B vWin binds tigh tly to condensed 

Analysis 26, 1, 1980) \t£ X ^ 

'^"/nucleic IL, which is independent of 

its 010 \ histone-like character or its 

protein with a pi of 10. , *w ■ bl , foc these . 

carbohydrate moieties are mo^t likely P 
observed non-specific interactions . 

A preferred probe for b iotin-co\aining nucleotides and 
e LL streptavidin> an aWn-li*e protein syn- 
thesized by the soil organism Strekomyces avidinii- ^ s 
thesized oy described in Hoffman, et 

p^.ration and purr iC t on . * =M st[eptavlai „ 
al .. Pcoc »tl Aca S YyUt.d, a „a snova 

has a much lower pi (5.uj, v 



rauC h lG wer non-specific binding to DH* t*» -^J^. 
therefore offers potential advantages in applications 
volving nucleic acid detection methodology - \ 

A most preferred protein for biotin-li*e P'^V'^ 
Monospecific rabbit IgG, antibiotin immunoglooul^. 
compound was prepared by immunizing rabbits wi h 
seralbumin conjugated biotin as described orevio^-, 



.s 

This 
ine 
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i „ o 319 (19791 ) and purified 
^eroer, Method in Snzymoloay ij. < ^ „„ N 

affinity chromatography. Although values of K (10 6 to ' 

complexes r the ¥ are a . . ^--.ipv Furthermore, 

Hfes tir^nrr; — - 

. {n S itu Vbcidization since little, n any 

\ fJ .u;- invention are capable 

of denaturation *nd cenatur ana i ys is of the 

thermal *»«' u rf^ 0NA a nd rna polymers =1«'1V 
o£ several blot»-.«*pV- 3 „ DNR oc x DNA < ni=* 

indicates this. Foe |! l0 . lo0 bi otin residues pe 

transited to U««Ww««* ' identical to that of 
Ulobase, Have 3^-la.ei.d, 

tha "»»' 1 '. b1 "'"- exhibited the same decree of 

biotin-substituted, V™" 2 ^™ density as con- 

specificity and ■»»^'T^ as e hybridization 

„ol, ^"^-""trerurV-ies containing the plas- 
probe for detecting bacterial cS(icn 



mid « 



xtiM rf OHa\ in which every thymidine 
In DNA duplexes, such as KVM «T °NAX 
residue in one strand .1250 rn tots 5 * > 
w a Motinyl-nucleotide the T. . °«Y ^ Tm ot 
tM t of the unsubstituted contro . , bio . dmP 

^d.A-bicu, l » rtl *" e \ b h ^""Xo.«ol. th. 
residue is ISO c lowe.than ^ \« chtoBicity 

degree of cooper ativity and cne ponatura \ion were 

Served both during denaturation - ^ u a£ 

the same for the two polymers. A P«»"- 
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^NA duplexes and DNA/RNA hybrids indicates tnat their Tm's 
X P ... . „„, onl . n f the polymer increases. 

Xso decrease as the biotin-content of the p Y 

Hoover, it is clear that a substantial number of b ot 
JcXles can be introduced without . significantly alters 
th e oxidization characteristics of the polymers.. 

These resVs strongly suggested that biotin - SUbStitUt ; d nd/oir 
polynucleotides could be used as probes foe detects and/or 
"ing iLific polynucleotide in c^s, 

fixed cell,, \tissue sections. The general ~ ^ 
for detecting tr* biotin-substi tuted probe ,s schematxcally 
illustrated as fo\lows: 



1RI Dl ZAT10N MET HO OS 
Anti prdfce sequence 



|) TcTget- 
Delivery 



iridize with bioiinized or 
faplinized probe (*ith or with- 
/o\t cftoning vechicle. sequences i 




"6 6 6 



2) Signal 

Amplif icdion 



-O = Biol in or 
Hap+ene 



| ) Avidin -taroxidose 

2) IgG - peroxidase 

3) Primary d-dVer minent Iq.G 




3) Detection 



I). insoluble peroxidase products : VA B 
Z) Antibody sandwiching techn.ques 
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V ne mapping (cytogenetics), and reco , . , . o , h . de . 

\ u ran be equally well applied to the de 

,£bs. However, it can De equai j „* r ,\ 
X-of nucleic ^i^se.uences o, .acte.al^^^ ^ 
fungal\r parasite origin in clinical samp tlca 
the basiipf a powerful new approach to clinical g 
which doeW rely on the use of radioisotopes. 

X^nologiciand histochemical ^ ^ 
" hO hlottfnq- hybridization methods. Use may 

rr:r:^ "=:x/- — — 1 ^- 

nostic procedures. 

h <f X ^.ssible to determine the presence 
using this approach, ^/^ SS1 ribonucleic acid mo lecule, 

of a specific ^^^l^ from a Uving organism, 
particularly such a molecul\ derived 

h,^«ia fungus, virus\ yeast, or mammal. This in 
e.g.. bacteria, fungu , * acid -containing etiolog- 

turn permits diagnosis of nucJ^ic aci 
ical agents. in a patient or oth>r sub 3 ect. 

Moreover, it provides a ^ 

^^^^ 

"de^nc^^^ *" - 

determined. \ 

in these methods . polynucleotide 15 prepared V=h Is 
erizes the organism or its antibiotic 
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~~A\ €ied nucleotides 
additionally includes one or «ore u 

f c==rdin» tc this u.™^ » 1S " " ehe organi3B 
„ e d ith indiMtes ^ 

■V ^f"! re3i ; tan =e characteristic. 

c£ V organism or cf the resist iden tified by 

A- ^J;""": ^ a Stable 

sequence .of interest are present. 

be extended to the diagnosis of genetic 
, thalassemia and sickle cell anemia. 
>p t id. acid gene sequence whose pees ence 



This approach 
disorders, such 



The deoKyribcn.clW^ .a ^ asso ciated with. 

. (i ° ^V" ° £ Avbridiration with 



cr absence (in ° £oUouln , hybt idizatio„ with 

the disorder can be\det e = taa invention based 

. poiynucl.otide detectable P=iy- 

upcn comple* formationy.iV> a 
peptide . 

o £ ^« v.^^n^ 

loci on chromosomes has «V techn <aues of cell- 

. suming occupation, ^^^^'^ in situ 

fusion and somatic cell genetics . ^f ^^- — ping 
hybridization has been empi y _ y , 
single-copy gene sequences xn specxes 

chromosomes polytenization , such as — ; r euka ryotic 

tection of unique sequence gene, ' £S» " f ^-..ibi., 

■ kae he o n extremely dxffx\ulw, xj. 
chromosomes has be-n ext jr v necessity for 

using standard hybrxzatxon methods lfcy 
polynucleotide probes of ve, , h ^> ^n q£ the hyfcr idi- 

« f-ilitate autoradxogr^ hie -o c - ^ ^ o£ ths 

zation site also results x» 



3v 
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s,robe and . concomitant increase in the background noise of , 
Saver grain deposition. The use o£ hybridization probes 
wSh, 1=1 to moderate specific radioactivities requires e.,- ( 
pbsu\ times oi many days or weeks, even to detect multi- 
copy sWnces, •»<* » 'tboscmal "» ^nes or satel tr 

■ D » SiL recombinant om technology has mad. feasible the 

moiecularW"' ° £ ™Z'i* 
found in eVyotic cells, it would be extremely beneric al 

to have a rip" >"* sensitive method for mapping the chro. 

mosomal origin\of such cloned genomic fragments. 

Modified nucleotides may be used is a method of gene ^ 
mapping by in suiWbridization which <""<-<«" h ° 
of radioisotopes. \ls procedure takes advantage of a 
thymidine analogue. coWning biotin that can be incor- 
porated enzy^atically V&W P"bes by nick translate 
liter hybridisation in MtAhe biotin molecules ser as 
antigens for af f iniSvjM^ rabbit ann-biotln anti 
Oodles, immunofluorescent \tibody sandwiches made with 
fiuorMcein-labeied goat an\-rabbit !,<= allow for 
specific cytogenetic localizaYon of cloned gene sequences 
as green-yellow bands. This mkhod offers four ma:or ad- 
vantages over conventional autobiographic method. , o 
situ gene localization, less backW no.se, 
ITTesolvin, power between bands,- .W.«. »» »« 
required to determine the sit. of pr\be hybridization, 
and chemically stabie .hybridization p^bes . This 
method has b.e„ applied successfully to\th, ^ ° J 
reitterated and unique »» sequences in W polytene 
mosom* of Orosoohila milanocaster and satWe DNA on 
mouse metaphase chromosomes. \ 

Tn us it has been, found that polytene chromoso^s could be 
ZZ Is a test system foe establishing the .ffiW or 
probes using the modified nucleotides acc= C c ing V 
instant invention as detected by indirect «unofW 
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f . The probes included a 

.sscence foe in situ gene mapping. The pro v 
\tiety of cloned Drosoohila sequences obtained from Otto : 
ScLidt and Dieter Soli, such as tRNA genes cloned in 
plasV vetoes with inserts of sizes ranging from about 5 
to'-abSt 22 kilobases. Many of these clones have already 
been asLned to specific bands on the Drosoohila chromosome 
ma p by 'conventional in situ hybridization methods employing 

Dt^ probes \. nick translated in the presence of i 
Occasionally^ dATP and/or 3 H dCTP was included in the nick 
£n£tion reLion mixture. This allowed both autoradio- 
graphic and immuWluorescent localization of a se- . 

quence on a singl\c hromosone Spread * ^ — hybrldl " 
zation was performed as described in M.L. Pardue, and J.G 
Tal , Methods in CelWiol., 10, 1 (1975) . ■ After the final 
T* SSC wash to remoA)nhybridized probe, the sUdes were 
cinsed with PBS^SXte buffered saline) .and incubated a. 
37 o c with 2.3 yg/ml Rabbit anti-biotin in PBS and 10 mg/ml 
BSA for 2-16 hours. Thi\was followed by incubation of the 
slides with FITC labeled Scat anti-Rabbit Ig.G (Miles Labora- 
tories, diluted 1:100 in pX and 10 mg/ml BSA, for one-four 
hours. Evans Blue was of ten\ required as a red counterstain 
to see the chromosomes with fluorescent illumination. 

When plasmids P BR 17D and P PW X 9 containing 5 Kb and 22 Kb 
inserts, respectively, were hybAdized by this method, it 
Was found that the pattern of hybridization is reproaucible 
from spreacfto spread and is obser^d unambiguously on 
oreater than 90% of the chromosome sWeads on a given slide. 

The cloned transposable element P AC l\ is known to map at 
man y sites along the Drosoohila genome A Comparison of the 
autoradiograph and the fluorescent pictukobtain.d by in 
situ hybridization of this probe illustrates a ma 3 or ad- 
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§Pli : .. * 

Iferains ap,e at on «, -""'^"^^^Tb.X- " ' 
Infest bands at. discernible by mununofluorescent ^ 

......m ....... 

^mediately obvious advantage of this method.is 

: f« i !^li ke rthe 1 of modified nucleotide det«ct«d by in- 

■ «^^.^^ kaa " \ inm,-diatelY preferable to mote 

f;V^lectj inin>unofluore^e^ice immediately pr 

t^liassical methods. \ A\ 

I immunological method also works 

.r:,^ , , t , \ , , a i „ «=tellite DNA has been . J 

^'. •i'w th- mammalian chromosomes wherein ..t.llx - 
i >y£_ d > to • the centromecicVegions of mouse m«tapha«_ 
^PillEf^The result provides a basic foundation for he 
Nttfe'* } V o£ a 3im pie gen\ mapping procedure for single 
P^" 1 ^ !oI In Aromosomes from human and other 

' P 150 " 313 ' ' UCh ' ^e genetic conization of the chromosome 
ipirtunilllt^etic diesis much more rapid and 
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: Kite ved by usina *. -hapten^antiboaV sandwichitech- 

.# fell T.«.iL by l». .t -..^"^ V ;- ase 

tiflik • In this procedure the primary »ntib\,dy. in. , 

aims 
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{!!•:.• ■ . ,_. T „ r <- chemically modified' 

vmbn&pecific, rabbit anti-biotw IgG, i« chemi * . 
ItSl'a^kptenixation reagent, such as 2 , 4-dlnitrofluoro^ 
bMlneijpreferably while the immunoglobulin is bound * an 
-knfelffinity column (biotin-Sepharose TM) As «nj as • 
illdiaptene (DNP) groups can be coupled to the priwry , 
EJlM without decreasing its antigen binding affinity, or , 
s5i3ific^ty (Wallace and Wofsy, 1979). If the primary ., 
AodylVtinent of the test' sample is followed by an 
aloationldth a f luorescently labeled anti-hapten IgG ^ 

than a ^ocescently labeled .nti-IgG^. 5. 
[ W U "ncreaX in fluorescence signal can be achieved . 
Jii^one also \as: available monospecific guinea pig. «nti-j 



happen -antibody 

■ ''escently' labeled prot 

w.tii : • •• •• . ■. • . . 



ii 
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D^tlgGj we can V eni " this secondary antibody ^-bio- 
53 uL'thus gene^t* ^ -ti-hapten • IgG population.., D»- 
-!i ! lled ; anti-biotinW and biotin-labeled anti-DNP IgG. If 
^llelcan be used alW^ely to achieve several rounds of } 



,ng and then followed with filuor- 
from Staphyloco ccus aureus, which . 

Villas, specif ically3P^n,olecules ftom many mafflmalian f - i 
^■^liesjit could result \an e nb C n.ous ^amplif ication ; of the 



: pr ifnary 



Antibody signal wit\its concomitant utility. | 



in 



•■tli^tial .lt.rn.tiv. to anti-bio\ln 1,0 as a «hic U, to . 

Ill >H fitment probes «.hov., or W .tcW«c.l t^.«t. ^ 

* ! yfefeh. ; slte =£ the hybridised biotin -W.inln, 

S Kills' that its affinity for biotin ^ V» " " ?' 
' !-i . ........ #„, h»nt.f»-MG interactions are 
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In ftial evaluations of a streptavidin ^Z^Z^ 
^irtently in progress. Polytene chromosomes h/onai . 
XJnized Dm probes will be incubated with streptavid 
bmmizeu ui« b' ... w^trinp serum albumin 

fpSowed by a subsequent incubation with bovine 
whicn\has been doubly labeled with biotin and FITC (FITC, 
biotinWsA) . Since only one of the . four «"«P"^ d " 
subunitlis lik.ly to be involved in binding at each. biotin 
S oAite, potentially one labeled BS, molecule can b.n 
to each ofXthe remaining three noncon jugated suounits of the 

tr ptav-idlbiotinyl nucleotide complex, The fluorescence 
signal fromV single streptavidin ♦ FITC, biotxny»8A ■ 
layer' will be Wared with a control using the basic 
Antibody sandw\eh method" described earlier.. 

it the -antibody\ndwich- and streptavidin ♦ FITC t^nyl- 
tf*A detection intensities are comparable, one can ^attempt 
Jhhance the StreptavW * FITC, biotinyl-BSA system to 
Single-copy copy senskivity in a manner that parallels the 
Ltiple "haptene-anti^ndwich" approach 
of biotin groups cn BSA w^LlNnot be bound to^the first lay r 

^ „„„,A;wic of streptavidin can be added 

of streptavidin, a second/Wer of str-p 

until sufficient signa^L^tained . For example f - the 
second layer, only two strep Vidin protomers bind to each 
'first-layer BSA and each of *h\se streptavidin protomers 
binds three FITC-biotinyl BSA mkecules, then the second 
layer intensity will be. twice asVeat as that from the 
::first lay*; for the third layer, ^th analogous bindxng 
Istoichiometries, the fluorescent int\nsity will be * 
Ithat of the first layer, so the totalVntensity will rapid.y 
'increase with successively added layers\ 
, there are plans to use a larger car rier We in Nuchas 
! thyroglobulin rather than BSA in order toWmize amounts 
I of attached fluorescent and biotin probes. \t may also be 

necessary to use a longer linker arm between^ ^otin 
Hip.obe and the carrier protein. A longer lin*e\arm shcuic 
[{•sterically optimize the theoretical delivery of ^biotmizsa 
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^uor.acnt carrier molecule to each noncon jugated str eptavidin^ 
iJtounit and maximize the number of streptavidin protomers 
in\e subsequent layer which will bind to the biotinized 
fluorescent carrier. As before, appropriate controls will 
be don\to insure that substitution of the carrier protein 
with fl\rescent probes and biotin does not cause solubility 
and/or nonspecific binding problems. 

The streptav\din-carrier protein delivery system has two 
significant advantages over the immunf luor escent approach 
in addition to\ts speed of delivery. First, only two 
protein components are needed to form the layers, Second, 
only the carrier \rotein needs to be modified and it is 
not necessary to mkntain functional or even total structural 
integrity as long as\theJ>iotin groups are accessible, to 
streptavidin. 

An alternative to <he ^Wescence method for visualizing 
hybridized probes is to d\rect enzymes such as peroxidase, 
alkaline phosphatase of S-\alactosidase to the hybridization 
site where enzymatic conversion of soluble substrates to 
insoluble colored precipitateV permits light microscope 
visualization. The important Wantage of this technique 
is that the histochemical methods are 10 to 100-fold more 
sensitive than fluorescence- detection. In addition, the 
colored precipitates do not bleach\with extensive light 
exposure thus avoiding, one of the gWral disadvantages 
of fluorescent light microscopy. Th\se enzymes can be 
coupled to the final antibody insteadNof fluorescent probes 
in the "haptene-antibody sandwich" technique using Afunctional 
reagents such as glutar aldehyde or in th\ case of peroxidase 
via oxidation of the peroxidase carbohydr ke moieties to 
aldehydes and coupling of these residues wi\h S -amino groups 
of the desired protein. For the str eptavidiiWotinized 
■ carrier protein method, an enzyme with biotinyV groups 
coupled to it could replace a f luorescently-bioknized 
carrier system. Alternately, the enzyme could be\^ouplsd 



6 ^ bU j" ni I '-OP- 

usiV biotinized BSA oc thyroglobul in . *e rfii- 

„ Xnecessary hLtcch-ici reagents -a th. appropriate ■ 
substr\e/inscluble product co-binations £=t 
in situ Xbcidizations without background problem J" < h 
ta^tuX. The histoche-ical approaches to Signal amplifica 
tic, shouldVharafor, be ready for trial in the su„mer 



of 1981. 



Detecting a„d/o\i.,agin, very low UveU o£ luoc.. 
light Is possible\using currently available i.age 
o system* compose\o£ lasers and photon! tipliers T ese 
methods permit the Wtion o£ light down to the ievel 
£ individual photonX with suitable digital process n 
systems, images «» beV^ced In which each p= n i^e 
each pixel, of the image)(is\tr ictly proport.onal to the 
„u»ber ot Photons e„m£Wa at the ob ««• ^ 

systems o£ this kinTiTTl^ systems in which the cells 
« part, o£ cells £low past\ laser beam, on, can obtain 

\ , fiuor-scent material 
detection sensitivity increase^ for fluOC - SC 
of factors between 100 and 10o\beyond that which can be 
oE.taciots ucw x =„f£ici»nt to detect 

the fluorescence of single copy gWs. 

In a preferred modification ,' analog\of dUTP and OTP that 
on ain a biotin molecule covalently \ound to the C-5 posi- 

have been synthesized. These biotinyl-^cleotiaes are ef 
ffcient substrates for a variety of DNfc W R.NA polymerases 
: in vitro. 0^ containing low levels of bWn substitution 
: Tio^oTIcules or less/Kilobase) has d.naturWon , reassoc- 
1 Lion and hybridization, characteristics whiVare ,ndis- 
: tinguishable from that of unsubstituted control DNA, 

• „,;o n also orovides a method of chromosomal 
Thus, this invention aiso \ 
' Sa votvping. In this method. ,odi£ied poiynucleotXoes , e 
"ep-d which correspond ro Known ,.„.. and include- 
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.led nucleotides. These polynucleotides are hybridized wxth.N 
Xromosomal deoxyribonucleic acid and the resulting duplexes 
cclacted with appropriate polypeptides under suitable con- 
ditions to permit complex formation. The polypeptides ui- 
clude\etectable moieties so that the location of the com- 
plexes \n be determined and the location of specie genes 
thereby r^xed. 

mother- «\i»«t of this invention involves detection of 
poiy A-conta\ing sequences using poly 0 in whxch some of 
the uracil ba«St have been" modified to contaxn a probe. Yet 

which two of x, A and* are reacted to form the cyclic mcxety 



OH 



Such cyclic modiUejJ^otides may then be used t xden 
tify hormone receptor sit\ on cell surfaces whxch in tu n 
can be used as a method ofWcting cancer or tumor cells. 

Finally, tumor cells can be d\gnosed by preparing poly- 
nucleotides which ar, modified \ccording to this inventxon 
and are complementary to. the messenger ribonucleic acid 
synthesized from a deoxyribonucleic acid gene sequence 
associated with the production of polypeptides, such 
as a -fetal protein or car cinoembryonVc antigen, the pres- 
ence of which is diagnostic for specific tumor cells. Hy- 
bridization and detection of hybrid dupWs thus would 
provide a method for detecting the tumor \ells. 

The examples which follow are set forth to Wtrate var- 
ious aspects of the present invention but areW intenced 
to limit in any way its scope as more particularly set xocti 
in the claims. 



ExL .Jle 1 and 2 
Synthesis of biotinyl - UTP and biot invl - dUTP 

a) \ Preparation of Mercuratsd N ucleotides 
UTP *S70 mg, 1.0 mmole) or dUTP 554 trig, 1.0 mmole) was 
dissolved in 100. ml of 0.1 M. sodium acetate buffer oH 
6.0, andKmercuric acetate (1.59 gm, 5.0 mmoles) added. 
The solution was heated at 50 °C for 4 hours, then cooled 
on ice/ LiWum chloride (392 mg, 9.0 mmoles) was added. 
. and the, solution extracted six times- with an. equal vol- 
ume of ethyl acetate to remove excess HgCl 2 . The effi- 
ciency of the extraction process was monitored by esti- 
mating 'the mercuric ion concentration in the organic 
layer using 4 , 4 



(dimethylamino) -thiobenzophenone 



(A.N. Christoper, Analyst, 
of nucleotide mercurat^on , 
rically following iodin 
solution as described by 
Ward, D.Ci Livingston, a 
2, 9 IS [1375] ) , was rou 
nucleotide products 



in the aquaous 



94_, 392 (1969). The extent 
determined' spectrophotomet- 
er an aliquot of the aqueous 
; et al. (R.M.K. Dale, D.C. 
Martin, Nucleic Acid Res. 
between 90 and 100%. The 

layer, which often be- 
came cloudy during the ethyl acetate extraction, were ' 
precipitated by the addition of three volumes of ice- 
cold ethanol and collected by centkfugation. The pre- 
cipitate was washed twice with cold \bsolute ethanol, 
once with ethyl ether, and then air dW These thus 
prepared mercurated nucleotides were us\d for the synthe- 
sis of the allylamine-riucleotides withou^further puri- 
fication. 

b). Synthesis of allvlamine - dUTP and allv\amine - UTP 
The mercurated nucleotides (of step a) were dissolved in 
0.1 M sodium acetate buffer at pH 5.0, and adjusted to a 
concentration of 20mM (200 CD/ml at 267 nm) . A fresh 2.0 
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M solution of allylamine acetate in aqueous acetic acid 
' |S prepared by slowly adding 1.5 1 °* ^ 
XI) to 8.5 ml of ice-cold 4 M acetic 
"Xnoles) of the neutralized allylamine stock was added 

o 2 X (0.5 mmole) of nucleotide solution. One nucleo- 
tide eq \valent of K.PdCL, , (163 mg, 0.5 mmole) , dis- 
solved in\ ml of water, was then added to x»x*«t th- 

reaction. %*» additi ° n ° f ^ * " tal 

Ventrpn) .the\olution gradually turned blacK with metal 
(Bg and Pd) deposits appearing on the walls of the re 
action vessel. \ter standing at room temperature ,or 
13 -2 ; 4 hours, 'the Wtion mixture was passed through a 
0.45 mm membrane filter (nalgene) to remove, most of the 
remaining metal precWate. The yellow filtrate was^i 
luted five-fold and ap\ied to a 100 ml column of DEAE 
Sephade* TM A-25 (Pha Aia^After washing 
column volume of 0.1 M soVf^satate buffer at P H 5.0 



pne liter linear gradi- 
cetate at ?H * 8-9, 



the products were eluted 
ent (0.1-0.6 M) of eith er / 

or triethvlammonium bica^E3nat^ (TEAB) at P H 7.5. The 
desired product was in the majoW absorbing portion 
aesireu \ lt soectral ana- 

which eluted between 0.30 and 0.35.M salt. 
lysis showed that this p«ak co*tain\d several Produo^, 
final purification was achieved by rWse phase - HPLC 
nromatograpny on columns of Partisil \oDS2 , us.ng exther 
0 5H « 4 H 2 P0 4 buffer .t PH 3.3 (analW separa ons) , 
or 0.5 M.triethylammonium acetate at P H 4^3 (prepara.xve 
separations) as eluents. The 5-triphospWes or 5 
C3 -aminopropen-l-yl) uridine (the allylamine V*^ *° 
uridine) were, the last portions to be 
column and they were clearly resolved from 
racterized, contaminants. These -^^Y" 
terized by proton NMR elemental analyses cAA-cUT . - 

m n * Ma -1 H„0) : theory C 22.91; H, 2.88, 
H 16 N 3 °14 5 3 Ja 4 *2 ' 6>49 . ? , 14 \75 

6.68; P , 14.77. Found, C 23.10, H, 2.8b, v 
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^ (C 12 '«„ N 3 0 15 P 3 N a 4 .4H 2 0) : Theory, C 2< , 61, 
HV.46; N, 6.01; P, 13.3. Found C, 20.67; H .,4.11. 
N, >\39; P, 12-541 spectrally and chromatographically . 

c) BioNiination of AA-dUTP or AA-UT? 

Biotinyl\hydroxysuccinimide ester. (NHSB) was prepared 
from bLtSMSig.a) as described previously (H . Heitzmann 
and P.M. Ric\rds, Proc. Natl. Acad.Sci. OSA. 7^, .3-3 
11974]) M-dV-H 2 0 mg, 0.1 mmole) or AA-OW,4H 2 0 
(70 rag /o:i «1L dissolved in 20 .1 of 0.1 M sodium 
borate buffer at \s . 5 , a*d MHSB (34.1 mg, 
dissolved- in 2 ml of\imethyl formamide, was added. The. 
reaction mature was \ft at room temperature for four 
hours and then loaded dWy onto a 30 ml * 
DEAE-Sephadex TM A-25, prWlibrated with 0.1 M TEAE 
at P H 7.5. The column was\luted with a 400 ml linear 
gradient (0.1-0.9 K) of TEAb\ Frictions containing 
biotinyl-dUTP or biotinyl-UTP V/lX eluted between 0 55 
and 0.65 M TEAS, were desalted ^roiary evaporation m 
the presense of methanol and-rtfes^olved in water. Oc- 
caionally a slightly cloudy solutions obtained: this 
turbidity, due to a contaminant in so\eTEAB -lutxons 
was reeved: by filtration through a 0 ^ ^ff'J^ 
long term storage, the nucleotides were ^ 
sodium salt by briefly stirring the solution in the pre 
sence of Dowex TM 50 <*a + form). After .filtration the 
nucleotide was precipitated by the addition or^hree vol- 
. un.es of cold ethanol, ' washed with «thyl ether, *±ied in 
vacuo over sodium hydroxide pellets, and stored i*a des- 
sicator at -20«C. For immediate use, the nucleotide so- 
lution was made 20 mM in Tris-HCl at P H 7.5, and ^ted 
to a final nucleotide concentration of 5 mM. Stock sW 
fions were stored frozen at -20 9 C. \ 
Elemental analysis of the bio-dUTP and bio-UTP products \ 
' yielded the following results. Bio-dUTP (C 22 H 30 N 5 
Ois P 3 SI *a 4 . 1 H 2 0). Theoretical; C, 29-80; H, 3.38, 



.89; P, 10.47; S. 3.61. Found; C, 30.14 H, 3.22; N, 
p', 10.31; S, 3.70.: Bic-UTP (C 22 H 30 N 5 °19 P 3 S l 
NaA-3 H 2 0): Theoretical; C, 29.15; H, 3.19; N, 7.45; 
P, g\fl9» S, 3.41, Found; C, 28.76; H, 3.35; N, 7.68; 
P, 9.k; S, 3.32. 

The speW properties of bio-dUTP and bio-UT? at P H 7.5 
C X max,\89 nm ( « - 7,100); X max, 240 nm ( , =10,700); 
X min, na ( e=4,300)] reflect the presence of an 

exocylic -d'o\ble-bond in conjugation with the pyrimidine 
ring] TheseVucleotides also give a strong' positive re- 
action (an ora\ge-red color) when treated with p-dimethyl- 
aminbc'innamaldeV^ ethanolic sulfuric acid, a proc«- 
dure used for bio\in quantitation (D.8. McCormick and J.A. 
Both, Anal. Biochek. , 34, 32,6, 1970). However, they no 
longer react with nWdrin, a characteristic reaction 
of the AA-dUTP and A$0*jP starting materxals. 

Examples 3 and 4 

thesis Of H otinvl-CTP \d biotinyl-dCTP, 
CTP and dCTP were a) mercuraW, b) reacted with allyla- 
ndne, and c) biotinized with Wbiotln, " " 

described in Example i. CTP (5>6.3 mg, 0.1 mmole) or dCTP 
(59.1 mg, 0.1 mmole) were dissolved in 20 ml of 0.1 M 
sodium acetate buffer at pH 5.0, and mercuric acetate 
(0.159 gm, 0.5 mmoles) added. TheWution was heated 
at 50 a C for 4.5 hours 'then cooled on\ice. Lithium , 
chloride (39.2 mg, 0.9 nunoles) was ado^d and the solution 
extracted 6 times with ethyl acetate. \he nucleotide 
products in the aqueous layer were prec^itated by the 
addition of three volumes of cold ethanol W the pre- 
cipitate collected by centrifugation. The precipitate 
was washed with absolute ethanol, ethyl ether\and tnen 
air dried. These products were used without fu^her 
purification for the synthesis of AA-CTP and AA-d\TP , 
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' • + - lv The mercurated nucleotides were dissolved 
respectively. The mercur adjusted 
\n o 1 M sodium acetate buffer at P H 5.0 ana i 
\ , P ntration of 10 mM (92 OD/ml at 275 n») . 0.6 

to\a concentration a*, j. J.,*- c+.qc'c (pre- 

\ , • i.i o-p a 2 0 M allvlamine acetate stocx ^ 

E Xi*: solution ,0.1 »ole, ^ » ^ 

»,0 «A«r standing at room temperature .or 2 n 
B 2 0. MWr ^ ^ h a 0.45 mM membrane to 

the so.lutW was filtered tnr * ^ £ive . 

remove meAl precipates. The frltr.t ,™ ^ & _ 25 , 

fold and lolded onto a 50 ml- oolumn of OEM £ 

, 1 ,, hr ,i d uit h 50 mM TEAB at pB 7.5. The HUO.L 
preeqailibratW with ap5lication of a 500 ml lin- 

PMdU 1. ;fc T o/«» at pa 7.5. the desired 
ear gradient (oV« 0.« W qr aluted 

ammonium acetate at P<r~V £ ' ons-2 , using 

by ffiL = -cmato^aph^) ^ 00^^ 

0.5 M triethy.laimc^iui^etate as tne ^ ducts ef- 

fractions were pooled, lyWl^ed, and the prod 

, i«Aijp« were converted to «e wo. 

solved 1* H 2 0, The nucl eo^des were ^ 

ether and then air dried. ^ r.«l« • « * 

2. , "...7, 14.40. found C. V> *■ 
• : ' . ,7. P 14.18. AA-CTP (C 12 8 l7 »4 o\ Na„- 2H 2 0>, 
. Theory C 21.75, B, 2 57. ^ V L properties 

22.03, », 2.47, «. ..». ». 1 - ^ ( . ..,400) . 

i„ 0.1 M Borate buffer at ?B 8.0, V 

X min 271 ni. ( « -3,950. X max 2 = 0 nr. < V 
Ai-dCIP and AA-CW give a positive mnnydr-r. 
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, s dissolved in 5 ml of 0.1 M sodium borate buffer at pH 
9 \ and NHS-biotin (3.4 mg, 0.01 mmole) , dissolved in 0.2 
ai Xdimethylfonaamide, was added. After sitting at _ 
rtoXperaLe for 4 hours > the sample was chromed 
on a loV column of DEAE-Sephadex A-2S, using a 150 ml 
linear Adient (0.1-0.9 M) of TEAB at P H 7.5, as eluent^ 
^action^ Staining biotinyl-CTP or biotinyl-dCTP w * 
eluted^betvln 0.50 and 0.60 M TEAB , were pooled >J~*f- 
by rotary eviration, and after being adjusted to a final 
«7ation\f 5 mM in 0.02 M Tris-HCl. buffe* at P H 5 
were-frosen it>'C. The products give .a strong positive 
reaction for bio^n with p-dimethylaminocinnamldehyde in 
ethanoUc sulfuricWd but give a negative tes : for pri 
. mar y amines when spWyed with ninhydrin. Further struc 
turll chara=terizatio\ of^these products is in progress. 



c^^s of Iltl in ^^^ and Tn,< "^^l^™- 
Iminobiotin hydrobromide wasWepared from biotxn as de 
scribed previously (K. Kofman\ O.B. Melville and V. du 
SCI ■ * , ,., Vi.in 1941; K. Eofmann 

Vigneaud, J. Biol. Cham..., 141, 2\H-211, 

, t-u-j ia-7 5<3-\3. 1950 . The N-hy- 
and A.E . Axelrod, Ibid,, 187, 29 33, iso-M wpoarod 

droxysuccinimide (NHS) ester of imYnobiotm was P«P«-* 
uZ the protocol previously ^-^^p^ " ■ 
of NHS-Biotin (H. Heitz.ann an. r.K.W , Jj 
Ac ad. Sci. USA, .71 , 5537 , 1974). AA-V (7.0 «,, 0.01 
or AA-dUTP (6.3 mg, 0.01 mmole) ,W « de 
tailed in example 1 (part b) , was dissolve^ 5 ml of 
T.1 M sodium borate buffer at P H 8.5, and ^iminc , iotin 
(3.5 mg, 0.01 mmole) , dissolved in 0.5 ml 
formamide, was added. The reaction mixture * 
room temperature for 12 hours and then loaced 
onto a 10 ml column of DEAE-Sephadex A-23, preequiWted 



"with 0 05 M TEAJ3 at pH 7.5. Tha =ol-n "«« •!«•* * lth . 
Xso il li»e.r gradient (0.05-0.6 H) .< ructions 

\ L ^ n ' -js a nH 0 40 M TEAB, were desalted Dy ro 

eluted between 0.. 35 and u.iu » 

A , inn in the oresenceof methanol and dissolved 

tary evaporation in the presenc- - 11v la.- 
in H 2 o\>h. products contained a small amount of allyla 
ttine-nucWide adduct as an impurity, as judged by a 
weaic passive result in the ninhydrin test. 
fication-wks achieved by affinity chromatography on avidin 

sepharose.V actionS ° f the pr ° dUCt ' i r 

soldium bora\e buffer at pH'8.5, were applied to a 5 ml 

column of avidin-sepharose and washed with 25 ml of the 

amTbuffe:: te oL- was then washed" with 50 mM ionium 
acetate buffer It pH 4.0, which eluted the desired imino- 
bio tin-nucleotide\product in a sharp pea*. The nucleotide 
was precipitated b\the addition of 3 volumes of cold 
ethanol, washed wi^ylether, dried ? ^ 
dium hydroxide pelleXslnd stored in a dessicator at 20 C. 
Products were ch^SU-d by elemental analysis, as well 
as by spectral and chromatographic properties. 



Examples 7 and 8 



s ynthesis of NAGE-UTF and NA^S-dUTP 

£yl (3-andno.2-hydroxy-)pro^yl^her, abbreviated*™- 
^ prepared from allyl glyci& ether (Age) (obtained 
from Aldrich Chemical' Co .) . lo\l of Age (84 mmole) was 
Idled Slowly (in a fume hood) to\so ml of 9 M ™~ 
hydroxide and the mixture allcwe d \o stand at room tempera 
•tLe fot six hours. Excess ammonia Vas removed by rota_/ 
evaporation under reduced pressure toWd a viscous yel- 
o7oil. Analysis of this product by\roton MMK showed 
that it possessed the required structured ,-m.rcurx-dTK- 
(0.1 mole) or 5-mercuri-UTP (0.2 mmole) w\s dissolved in 
2-4 ml of 0.2 H sodium acetate buffer at ?h\5 . 0 , and lo 
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-etic acid prior to use, was added, me _ 
Xnes (4.3 and 8.4 ml) had nucleotide- concent, :ations 
of\and 42 mM, respectively. One equivalent of 
(0,\o.2 •!..■) was added to initiate the reac ion 

After Xding at room temperature for 18 hours, the r- 
Arrer a^iu- ^ membranes 

action miW" were filtered thr ° Ugh °' ? W 
the SaroP le\di lutad five " fold ' 411(1 ^« mato ^ a ^ ed °* 
colons of oW-Sephadex A-25, using linear ^*» tS 
(0.1-0.6 MVoYsodium acetate. Fractions containing the . 
Lixed produX as judged by their OV spectra an ■ 
racteristic HPLcWion profiles on Partisil 
pooled/ diluted, \d further purified by -f^ 0 ^ 
on DEAE-Sephade* u^ng shallow gradients (0.1-0.5 Ml of 
on ut« b- conditions 
ammonium bicarbonate^: P H 8.5. unaer ^ clean iy 
.' ^ * ♦.v.o MpGE-dUTP (or NAGE-OTP) could be cieaniy 
the majority of th ^%LJ ±tie ^ proton NM * spectra 
separated from resiauaA impurities 



were obtained at this s 
nucleotides were lyo 
elemental, analysis, the 
sodium salt form. Typical 
(Cis H 2 2 **3 °16 *3 Na 4 



of purification after the 
i and redissolved in D2O... 
^ucts were converted to their 
\alytica'l results: Nage-dUTP 
\r 2 0), Theory, C, 24.9V; H, 



N, 5.83; P, 12.88 
12.88 



Found, C 2\.39; H, 3,71; H, 5.63; Pr 



Example 9 



n*gs of Lab *^d PNA Sequences 

I, Karyotyping. som Xioo to 200 clone 

(a) select from a human gene J^Y locats 

Label them as described above, and f ^ eaC V r w < th a 
i« Place or places of ^»^V^ 
V Haht-level video system. For those clones 
Low-lignt ievex determines the 

to a unique sequence gene this det.rm^ 
correspond to a un H „.^<-«l«r human toromo- 

' location of the cloned DNA on a particular hum <^ 



oarh chromosome. Each 
.some. Obtain several clones for each oart icu- 
«e these labeled clones can be used to identiry particu 
e« these laoeieu combination 
laY chromosomes. They can also be usea in 
to Wify each of the 46 chromosomes as being one of 
: he Xau csomal pairs or the X or the ,. By allow-* 
one se\of l^eled clones to hybridize to the chromo- 
des Ithen adding a fluorescent stain to ^ 

set A clones and their locations can be visual * 
and will' foresee with a particular color. A second 
of labeled Xones . could then be used and reacted with 

. second fluorelent dye. The same F"«" °" * ave lev 
- n€ tintes Thus one can, if desired, have sev 

a: number. of tirtes. ™ _ attache d to the cellular 

eral sets of fluorescent labels attache* 
D*A at different V specific locations on each of the 

; I L».s Thesl labels could be used for visual or 

chromosomes* inesew-o. 

computerized automatic karyotyping. 

. M 4.i e karvoS^ing, one could use one set of 
ih) For automatic Karypyyt\^y • „„,.u 0 f 

' „ ^^ntifv theWroximate location of each of 

clones to identify corresponding 
the 46 chromosomes b^i\ding sets or s P 

* i^ 0 Una\sites on each chromosome. Tnus, 

ual chromosomes by the location Vd distribut 
labelled spots on each one. 

• " , he fac- that the fluorescent spots can be placed 
I ZZf c 1 -ions on each chromotle, one can carry out 
. either manual or automatic karyotyping very much more 
effectively than without such labels, 



II* Diagnosis o 



f Genetic Disorders^ 



By s 



electing the clones which 



bind specifically to 
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.articular chromosome, «* a, «r ? . t . _ 
I count the number of copres ox the Particul 

in a cell even if the chromosome* are not conden 
anaphase, thus when fetal 

,.»V dia9 "° SiS " tliSOmY 't'n^ =0^ * aHeta- 
eW if the chromosomes are not condense 

aome other\hr=»osome . By measuring » «=h « llto 
<.<»■„« thktwo labels, which might be of d^f-en* 
T . if impossible to identify the cells which show 
^ X" «« chromosomes number 23. This pro- 

fedure Tuid hX- d » ^ * ^ l"" 

levTl video systL or in a flow cytometer system using 

lirer et=itation\xt can he used to determine any ah- 
normal chromosome nVmber • 



III. Microograni 



sm 



lotion and Identification 



T he labeling of specifl=\se q .ueaces of ON, as described 

■ identification and counting of individual 

ab ove permits identify ^^ai bacteria 

bacteria. In order to hybr idizes the sensi- 

to which a particular fragment of « structlire can 

made sufficiently grand. If one 
1 a «lide thei- location could be foW and the num» 
u tumescent spots counted. T S^oul, ^ * * 
■ count of all of those bacteria which con^ » < -> 
can hybrid!,, whith the spec ;f& laI 5t „i„ 

clone is selected as ^ 1 org ani»ms of 

or bacteria. then one 'can count -1- numD \ 



'. '.V 
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\hat strain. In addition, any antibiotic resistance for 
wh\ch a' particular gene has been identified could be 
characterized in a similar way using, as a probe, the 
DNA sWnce which is contained in the antibiotic re- 
sistant gene. In addition,* probe could be used which 
is specific for a resistance plasmid containing one oc moce 
antibiotic\ sistance g^es. In addition to individual 
bacteria, gro^Kf bacterial cells of a particular 
strain can be ducted and their number estimated if 
they are locate^Ln\a small spot so that the total flu- 
orescence specific toN*e hybridized DNA in the spot can 
be-measured. In this w^Kthe number of organisms con- 
taining a specific DNA sequ^ce can be measured in a mixture 
of bacteria. 



\ 
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*y way of additional . background with respect to the 
utilization of the biotin-polynucleotides of the above- 
identified Langer et al article in Proc. Natl. Acad. 
Sci. 0£A, the publication by P. R. Langer-Saf er . M. 
Levine\nd D. C. Ward in Genetics entitled "An 
Immunlogical Method for Mapping Genes on Drosophila 
Polytene Cbromosomes", describes a method employing 
biotinated tmcleotides as a probe for the localization 
of DNA sequences hybridized in situ to Drosophila 
polytene chromosomes. In this application these probes 
.are detected usiSw affinity purified rabbit antibiotin 
antibody as the primary antibody and f luor escenated goat 
antirabbit antibodV as the secondary antibody. The 
disclosures of this hanger -Safer et al publication in 
Genetics are also incorporated and made part of this 
disclosure. 

Other techniques employ ingKioj in- labeled reagents with 
avidin or enzyme-label eW^TS^n reagents are known for 
the detection and determinatio\of ligands in a liquid 
medium, see U.S. Patent 4 , 228 , 23\. Also, it is known to 
effect gene enrichment based on avN^din-biotin inter- 
action, particularly as applied to brosophila ribosomal 
RNA genes , see the J. Manning, M. Pellegrini and N. 
Davidson publication in Biochemistry , V^l . 16, No. 7, 
pages .1364-1369 (1977). Other publications of 
background interest with respect to the practices of 
this invention are the D. J. Eckermann and k H. Symons 
article entitled "Sequence at the Site of Attachment of 
an Affinity-Label Derivative of Puromycin on 23\S Ribo- 
somal RNA of Escherichia coli Ribosomes", Biodhem , 
82, 225-234 (1978); the article by S. B. ZimmermanV S . 
R. ' Romberg and A. Romberg entitled "Glucosylation>o£ 
Deoxyribonucleic Acid-II -Glucosyl Transferases fromV 
T2- and T6-Infected Escherichia coli in The Journal. of\ 
Biological Chemistry, Vol. 237, No. 2, February 1962, 
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and the article by J. Josse and A. Romberg "III. <*" 
\d/*-Glucosyl Transferases from T4-Infected Escherichia 
coV. also appearing in The Journal of Biological 
Chemistry , Vol. 237, No. 6. June 1962. 

Of furfchW interest in connection with the practices of 
this invention are the publications appearing in the J^ 
Biol . Chenu /Vol . 236, No. 5, May 1961, pages 
148.7-1493; the\same publication; Vol. 237, No. 4, pages 
1251-1259 (1962yV the same publication Vol. 239, No. 9, 
pages 2957-2963 (W4) . Of special interest is the 
article appearing THe Journal of Histochemistry and 
Cytochemistry , Vol7*L No. 8, pages 1131-1139 (1979) 
and in the publ icationV^lfic Acids Research, Vol. 5, 
No.' 9, 1977, pages 2961-^3^ Also of interest is the 
article appearing in the Abdication Biochimica et_ 
Biophysica Acta by A. Bo^arM entitled "Specificity 
Difference Between the Hydroxyr^thylcytosine Aducosyl- 
Transferases Induced by- Bacteriophages T2, T4 and T6", 
pages 286-304, and also the articl\by T. W. North and 
C. K. Mathews entitled "T4 Phage-Code>aDeoxycyt idyl ate 
Hydroxyraethylase: Purification and Studies in Inter- 
molecular interactions", published by Academic Press, 
1977 , pages 898-904 and the article by E. A\Bayer and 
M. Wilchek entitled "The Use of Avidin-Biotin\£omplex as 
a Tool in Molecular Biology in Methods of Bioch\ical 
Analysis , Vol. 26, pages 1-45 (1980). 
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Qther techniques useful in the practices of this inven- 
tion include nick translation of DNA employing DNA 
polymerase. A technique for effecting nick translation 
is disclosed in the article by P. w. Rigby, M. Dieckmann, 
C. Rhodes and P. Berg entitled "Labeling Deoxyribonucleic 
Acid to H\gh Specific Activity in vitro by Nick Transla- 
tion with [W Polymerase" in Mol. Biol . (1977), 113, 
237-251.. Witto respect to the recovery of streptavidin , 
such as from a^ul^ilye broth of Str eptomyces avidinii , 
the article by ^L^ofmann, S. W. Wood, C. C. Brinton, 
J, A. Montibeller aHd F . M. Finn entitled "Iminobiotin 
Affinity Columns and\heir Application to Retrieval of 
Streptavidin" in Proc. \atl . Acad. Sci. USA, Vol, 77, 
No. 8, pp, 4666-4668 ^,(1988), discloses a suitable 
approach for the recovery o^f streptavidin from a 
strepavidin-containing material, such as from a culture 
broth, Streptavidin is useful\as a reagent in one of 
the practices of this inventionX 

Tlhe aforementioned publications are herein incorporated 
and made part of this disclosure. 

SUMMARY OF THE INVENTION 

In accordance with the practices of this invention 
nucleotides are modified, such as at the 5 position of 
pyrimidine or the 7 'position -of purine, preparatory for 
the preparation therefrom of nucleotide probes suitable 
for attachment to or incorporation into DNA or other 
nucleic acid material. In the practices of this inven- 
tion nucleotides, i.e. nucleic acids, preferably are 
modified in a non-disruptive manner such that the 
resulting modified nucleotides are capable of incorpor- 
ation into nucleic acids and once incorporated in 
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„„cl,ic acids the modified J'""' * o£ 

ating such modified nucleotides is in contr Mt wl " ■ 

ized as a disruptive modification in the sen. " c 
suiting disruptively modified n«cl^ »d oleic 
acids containing the same block proper double helix 
. t t-ho oractices of this invention, the 

formation. In the P cactlCeS 5 positio n of 

nucleotides are desirably modified at the P 
the pyrimidine or the 7 position of the purine. The 

leo ides so modified are non-disruptively modified 
and nucleic acids containing such nucleotides are 
capable of forming a double helix arrangement. 

Broadly in another aspect of the practices of this 
Broadly, in use ful for the tagging or 

invention various methods are usetui 
labeling of DNA in a non-disruptive manner. For 
amP biotin is added on the end of a DNA. or RNA 
= m o ecule. The addition of biotin is accomplished by. 

m0ieC , vicina l 

addition of a ribonuc lec de. The 1 ^ ^ 

hydroxyl groups ate oxidrzed by peno 

t L„ sauced by a borohydride In * d 

M „a. Alternatively, carbodrrnude can also 

to couple biotin to- the aldehyde group. 

Another technic, for tagging nucleic "^jt 

.. DNA ot RNA involves the addrtron of a large mar 

Ihe end of a D„A or n molecule « 

technigu. is the aaaitio „ of a mo ecu . 

niveine where the amino groups are tagg 

1 ot ' example .ould be to follow the procedure set 

forth hereinabove but employing crbodrr.rde as the 



cross-linking agent. Still another example of this 
technique would be to produce a biotinylated dA:dU 
double helical polymer and to ligate this polymer to 
the probe prepared in accordance with this invention. 

Another technique for tagging DNA in a non-disruptive 
manner involves the isolation of dPyrTP having a 
putricine or spermidine on the 5 position from PS16 or . 
•phage- inf ected cells. If desired, dPyrTP is made from 
phage DNA and phosphorylated to dPyrTP followed by 
modification of the polyamine side chain by means of 
'standard nucleophilic reagent NHS-biotin. 

Another technique for tagging DNA in a non-disruptive 
'manner involves the addition of glucose to 5-hydroxy- 
methylcytosine (5 HMC) in DNA using T4 phage glycoslya- 
ting enzymes followed by screening by means of a lectin- 
based assay. 

Still another method for tagging DNA in a non-disruptive 
manner involves 5-HMC- tr iphosphate made from the 
hydrolysis of T4-DNA followed by phosphorylation of the 
5 HMC MP to 5 HMC TP . 5HMCTP is then incorporated into DNA. 
using polymerase I. Thus, any DNA can be modified to 
have non-disruptively incorporated therein 5 HMC. 

A method for tagging DNA in a mildly disruptive manner 
involves reacting nucleic acids in the double helical 
form with alkylating reagents as for example benz(o)py- 
rene diol epoxide or aflatoxin. Under appropriate 
conditions the N 2 group of guanine, the N 4 group of 
adenosine or the N 4 group of cytosine are alkylated. 
These modified nucleotides can be directly detected with 
antibodies or can be used as linking arms for the 
addition of a reporter molecule such as biotin. 



The following examples are illustrative, of various 
embodiments of the practices of this invention: 

EXAMPLE I 

Biotinyl-N-hydroxysuccinide ester (BNHS) was P»P«* 
according to a method of Bec.er et al , P N : A S 6£ 2 0 
U971,: Biotin (0.24 g. 1.0 mmol) was dissolved in <ni 
dry dimethylformamide. Dicyclohexylcar bodimide (0 1 g. 
1.0 mmol) and N -hydroxysuccinimide (.12 g. 1.0 -ol 
we re added and the solution stirred at room temperature 
for 15- hours. After filtration of the subsequent 
precipitate, the filtrate was evaporated at 
pressure the residue was washed twice with et ano and 
Recovered from hot isopropyl alcohol to yield a whit, 
crystalline product having a m.p. of 216-218 C. 

EXAMPLE II 

. Biotinyl-1.6-diaminohexane amide was prepared as 

follows: A solution of 1 . 6-diaminohexane (: 120 mg 2^0 
mmol). dissolved in 50 ml water, was brought to P H 8.5 
by addition of carbon dioxide. Biotinyl-N-hydroxy- 
succinimide ester (100 mg , 0.29 mmol), dissolved in 0 
ml dimethylformamide, was added. After 18 hours at room 
temperature the mixture was evaporated and the residue 
ashed with ether and subsequently dried in a dessicator. 
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BXAMPLE III 

Polybiotinylated poly-L-lysine was prepared by the 
following procedure, Polylysine (100 umol lysine) 
dissolved in 2 ml 0.1 M sodium borate, pH 8,5 was added 
to biotinyl-N-hydroxysuccimide ester (17.5 mg , 50 umol) 
dissolved in 0.5 ml dime thyl f ormamide . After stirring 
at room temperature for 18 hours, the mixture was 
dialyzed against 10 mM tris buffer, pH 7.5. 

EXAMPLE IV • 

01 igodeoxy ribonucleotides were end-labeled using 
cy.tidine-S 1 -triphosphate and terminal transferase as 
follows. Purified phage DNA, alkali sheared with 0.2 N 
sodium hydroxide and diluted to 2 A 2 60 units/ml in 
potassium cacodylate (0,1 M) , tris base (25 mfiw , cobalt 
chloride (1 mM) and dithiothreitol (0.2 M) were used. 
To this DNA solution (1 ml) was added cyt id ine-5 ' - tr i- 
phosphate (10 mmol) and terminal transferase (200 units) . 

After incubating at 37°^for 5 to 8 hours the reaction 
was stopped by thS addition of neutralized phenol (100 
ul), 0.5 M EDTA (100 ul) and 1% sodium dodecyl sulfate 
(100 ul) . The DNA was purified^by gel filtration 
chromatography through Sephadex^G-100 followed by 
precipitation with ethanol. 



)- 
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EXAMPLE V 



Biotin and polybiotinylated poly-L-lysine were coupled 
to oligoribonucleotides using a carbodirnide coupling 
procedure described by Halloran and Parker, J_, Immunol.. , 
96 373 (1966). As an example, DNA (1 ug/ml) , 1 ml) in 
Tris buffer P H 8.2, sheared with 0.1 N sodium hydroxide 
was denatured by boiling for 10 minutes and quick 
cooling in an ice bath. Biotinyl-1 , 6-diaminohexane 
amide (2 mg, 6 umol) or polybiotinylated poly-L-lysine 
••(2' mg) and l-ethyl-3-di isopropylaminocarbo A iraide HC1 (10 
mg , 64 umol). were added, and the P H readjusted to 8.2. 
After 24 hours at room temperature in the dark, the 
mixture was dialyzed against 10 mM tris buffered saline. 
DNA was precipitated ethanol. 



EXAMPLE VI 



Biotin, conjugated to cytochrome C, was prepared by the 
following procedure. To a solution of cytochrome C (10 
mg) in 1 ml of 0.1 M sodium borate, P H 8.5 was added 
biotinyl-N-hydroxysuccinimide ester (10 mg , 29 umol) in 
1 ml dimethyl formamide. After 4 hours at room tempera- 
ture, the biotinylated protein was purified bv gel 
filtration chromatography through a Sephadex^G-50 column, 



EXAMPLE VII 



Formaldehyde coupling of cytochrome C-biotin and- 
pclybiotinylated poly-L-lysine to oligodeoxyr xbonucleo- 
tides yere carried out using a method similar to that 
described by Manning et al , Chj^osoma, 53. 107 (1975). 
Oligodeoxyribonucleotide fragments obtained by sod urn 
hydroxide shearing of purified DNA (100 ug/ml in 10 mM 
triethanolamine, P H 7.8 were denatured by boiling for. 10 
minutes followed by quick cooling in ice. Cytochrome C- 
biotin 0.05 g ml or polybiotinylated poly-L-lysine 
'solution' (0.05 ml) dissolved 3 mg/ml in 10 mM triethan- 
olamine, P H 7.8 was added to 1 ml at the denatured 
oligodeoxyribonucleotide solution along with 0.1 ml of 
6% formaldehyde in 10 mM triethanolamine, P H 7.8. After 
stirring at 40° for 3.0 minutes the mixture was dialyzed 
against the same buffer. The oligodeoxyr ibonucltotid.- 
biotin complex was finally purified by gel filtration 
chromatography on Sephadex G-100 followed by precipita- 
tioh from ethanol. 



4j 
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EXAMPLE VIII 

Double stranded polydeoxyadenylic acid : polybiotinylated 
deoxyur idylic acid was synthesized as follows* The 
double., stranded oligonucleotide polydeoxyadenylic 
acid-polythymidylic acid (20 ug) of length 300 basic 
pairs, dissolved in 200 ul exonuclease III buffer 
consisting of Tris-HCl pH 8.0 (70 mM) ; magnesium 
chloride , (1 .0 mM) and dithiothreitol (10 mM) was 
incubated with 100 units exonuclease III for 20 minutes 
at ( 20°C. The partially digested oligonucleotide was 
immediately extracted with phenol, and the DNA was 
precipitated with 70% aqueous ethanol. The partially 
digested oligonucleotide was redissolved in 20 ul 5mM 
tris-HCi pH 7,6 and incubated at 20°C. for 2 hours in a 
reaction containing 2'^-deoxy- adenos ine-5 ' -tr iphosphate 
(15 uM) thymidine-5 ' -triphosphate (the amount determines 
the degree of substitution) and biotinylated 5-(3-amino- 
1-propene) 2 ' -deoxyur idine-5 1 -tr iphosphate ( 5 uM) , 
Klenow DNA polymerase I (200 units) dissolved in 0,1 mM) 
potassium phosphate, pH 8.0 at a concentration of 0.2 
units/ul. The biotinylated poly dA:poly dT, biotinyl dU 
was purified by gel filtration chromatography on 
Sephadex^G-100 . The DNA was enthanol precipitated and 
redissolved in 20 ul of solution containing sodium 
acetate pH 4.6 (30 mM) , sodium chloride (50 mM) , zinc 
sulfate (1 mM) and glycerol (5%). Si nuclease (200,-units) 
was added, and the reaction was incubated at 37° for 10 
minutes. The reaction was stopped with 1 ml ammonium 
acetate (4 M) and 6 ml ethanol. The DNA was repurified 
by G-100 gel filtration chromatography and ethanol 
precipitation . 
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EXAMPLE IX 



Ligation of poly dA:poly dT, biotinyl dU to oligodeoxy- 
ribonucleotides was accomplished as follows': DNA 
fragments from alkali sheared purified DNA (as described 
in Example VIII) were digested with Sl nuclease and 
repurified by phenol extraction and ethanol precxpita- 
tipn.- 'Blunt ended DNA fragments (1 ug) and poly dA:poly 
dT biotinyl dU (2 ug) were dissolved in 6 ul at a 
buffer containing tris-HCl P H 7.4 (66 *. magnesium 
•chloride -(6.6 mM) . adenosine triphosphate (24 mM) and 
dithio'threitol (l.OmM), T 4 DNA ligase (50 units) was 
added, and the volume brought to 20 ul with water. The 
reaction was incubated 3 hours at 37°C. The DNA was 
purified^by gel filtration chromatography through 
SephadexJc-lOO and was ethanol precipitated. 



EXAMPLE X 



5-Hydroxymethyl-2'-deoxycytidylic acid was prepared by 
enzymatic hydrolysis of non glycosylated phage T 4 DNA. 
Purified phage DNA (2 mg) , dissolved in 1 ml 50 mM tris 
pH 7.4 and 10 mM magnesium chloride, was incubated 20 
hours with deoxyribonuclease I at 37°. The pH was 
adjusted to 9.0 and sodium chloride (20 mM) added. 
Snake venom phosphodiesterase (0.05 g units in 0.5 ml 
water-) was added and incubation continued at 37° for 5 
hours. An additional 0,05 units phosphodiesterase was 
added and incubation continued 18 hours. Nucleotides 
were separated by gel filtration chromatography through 
Sephadexfc-50. 5-hydroxymethyl-2 ' -deoxycytidyl ic acid 
was purified by reverse phase high pressure liquid 
chromatography. 
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EX AMPLE XI 

5-(4-aminobutylaminomethyl)-2»-deoxyuridylic acid was 
obtained by enzymatic hydrolysis of DNA from phage 0W- 
14.- The phage was grown on Pseudomonas acidovorans 29 
according to Kropinski and Warren, Gen. Virol. 6, 85 
(19-70), and the phage DNA purified according to. Kropinski 
et al/ Biochem . 12, 151 (1973). The DNA was 
enzymatically hydrolyzed with deoxyr ibonuclease I and 
snake venom phosphodiesterase using the procedure 
described elsewhere (Example X). 5- ( 4-aminobutylamino- 
methyl)-2 , -debxyuridylic acid was purified by reverse 
phase high-pressure liquid chromatography. 

EXAMPLE XII 

Biotinylated-5- ( 4-aminobutylaminomethyl) -2 ' -deoxy- 
uridylic acid was prepared as follows: Biotinyl-n- 
hydroxysuccinimide ester (70 mg 0.2 m mol) dissolved in 
1 ml dimethylformamide was added to 5- (4-aminobutyl- 
aminomethyl) -2 ' -deoxyuridylic acid in 20 ml 0.1 M sodium 
borate pH 8.5. After 4 hours the solution was concen- 
trated to 0,5 ml by evaporation, and the biotinylated 
nucleotide was purified by reverse phase high pressure 
liquid chromatography. 
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EXAMPLE XIII 



and Shipchandler. ON Heterocyclic Chenu 1. 751 ( 

5 W y*ethyluricil U -"J--:-" L anese 

dimethylsulfonate was heated at 100 

dioxide (2.3 -«oW for 13 -nut T ~ I 

evaporated at reduced pressure. The resxo 

up in hot ethanol and recrystallized from ethanol to 

y te 5-formyluracil, 5-formyluracil ^-10, was 

silylated and dissolved in dry acetonitnl (2.5 ml) 

, , s di-n-p-toluyl-D-ribofuranosyl chloride (Bhat. 

deoxy-.3,5-di-0 p toxuy 521 (1968) 

svn Proc. in Nucleic Acid Chenu, Vol. I, P- 521 U» 

Svjk Proc , ii. — added, and 

(Q.22 g) and molecular sieves (0.2 g) 

fc . a c 25°C for 40 hours under 

the mixture stirred at 25 c. ro ,. ltered and 

anhydrous conditions. The mixture was filtered 
derated. The resulting oil was tr«*.d with . 
anhydrous ethanol (2 ml) and 

gel to obtain the partially P^e^anomer w ! o^J- 
crystallized from ethanol (M.P. 195 > 

metha „cl be—* with £ „ yl - 2 • -deoxyur Win, 

„ e utr»li2ed with Dovex 50 (HI- 
»„ tK ty.t.ll-i..a £to« .th.no! 14 C ' 
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EXAMPLE XIV 



Biotin was coupled to 5-formyl-2 ■ -deoxyur idine as follows. 
To 5-formyl-2'-deoxyuridine (.320 g, 1.0 mmol) dissolved 
in 300 ml 0.05 M sodium borate, was added biotinyl-1 ,6- 
diaminohexane amide (0.74 g, 2 mmol). After stirring 
one hour, sodium borohydride (0.2 g, 5 mmol) was added 
and- stirring continued for an additional 4 hours 
followed by the addition of 8 ml 1M formic acid. The 
biotinated compound was purified by reverse phage HPLC 
'eluting with methanol: 0.5 H triethyl ammonium acetate, 
pH 4.0. 



'EXAMPLE XV 



Biotin was coupled to 5-amino-2 ' -deoxyur idine as follows: 
5-amino-2 --deoxyur idine (0.24 g, 1 mmol), biotin (0.25 
g, 1 mmol) and dicyclohexylcarbo^imide (0.21 g, 1 mmol) 
were dissolved in dry dimethyl formamide and stirred at 
room temperature overnight. After filtration 
and evaporation of the solvent, the residue was washed with 
ether. The biotin-coupled product was purified by 
reverse phase high pressure liquid chromatography using 
a water methanol gradient. 
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F.X AMPLE XVI . . 

■A 2 --deoxyuridine was prepared according 
5 - (0 xy) acetic acid-2 deoxy ( 
to a procedure of Deschamps and DeClerq, ^ — — 5 
^ 228(1978). 5-hydroxy-2-deoxyuridine (282 mg , 

«!, after »hich ---^ t 1 e 'at roo. 

.-61) in 1 »1 -««« «• » „, 5 added . 

te*per.ture for 48 hours IN BC1 1 etha „ ol 

concentration of this l °„ astled .Itb 

vleloed a precipitate «hich »as filtered. »a 
Sc ethanol ana re=„st,nU.a «ro» hot ethanol. 

F.XAMPLE XVII 

Biotinyl-l,6-diaminohexane amide was coupled to 5-(oxy) 
Biocinyx x, fnl'lows* Biotinyl-1 , 5- 

».•-. • -deoxyur idine as follows, 

acetic acia-z aeu^^uj. 

(0 74 q 0.2 mmol), 5- (oxy) acetic 
diaminohexane amide (0.74 g, dicvclo- 
acid-2' -deoxyur idine (0.60 g, 0.2 mmol) and d cyclo 

yl a rb oimIde (0.41 g, 0.2 mmol) were 
mi "dry diethylamide and ^-ined - 
temperature. The reaction was su se.ue t 
th e,olvent removed ^ •v^r'txon Th. r ^ 
washed withfl.lN HC1 and ether. DceS sure 
derivative was purified by reverse phase high pressu 
Uquid chromatography using a water-methanol gradient. 
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EX AMPLE XVIII 



Phosphorylation of 5-substi tuted pyrimidine nucleosides, 
was accomplished by the general procedure described 
below for biotinated-5-(oxy) acetic acid-2 .' -deoxyur idine . 
The nucleolide (0.16 g, 0.5 mmol) was dried by repeated 
evaporation from dry pyridine and redissolved in 10 ml 
dry pyridine. Monomethoxytr ityl chloride (0.30 g, 0.8 
mmol) was added and the mixture stirred at room 
temperature in the dark for 18 hours. The. solution was 
diluted with chloroform (200 ml) and extracted with 0.1 
M sodium bicarbonate. The organic layer was dried and 
evaporated. The tritylated nucleoside was redissolved. 
in dry pyridine (20 ml) and acetylated by reaction at 
room temperature with acetic anhydride (0.1 ml. 20 
mmol). The mixture was cooled to 4°C . and methanol (40 
ml) added. After stirring 10 hours at room temperature, 
the reaction was concentrated by evaporation. The 
compound was detritylated by dissolving in 1% benzene 
sulfonic acid in chloroform (20 ml). After evaporation 
of solvent the nucleoside was purified by chromatography 
on silica gel eluting with 2% methanol chloroform. The 
3 --acetylated nucleoside was dried by repeated evapora- 
tion of dry pyridine. A mixture of phosphorous 9 
oxychloride (100 ul , 1 mmol). (1-H) , 1 , 2 , 4-tr iazoic . 
(140 mg, 2.2 mmol) and tr iethylamine (260 ul, 2.0 mmol) 
was stirred in 5 ml anhydrous dioxane at l 0 O-15°C- for 
30 minutes and at room temperature for 1 hour. This was 
added to the 3 • -acetylated nucleoside, and the mixture 
stirred at room temperature for 1 hour after which it 
was cooled to 0°C. Water (5 ml) was added and the 
reaction stirred at room temperature for. 18 hours. 
Barium chloride (100 mg , 5 mmol) was added and the 
barium salt of the nucleotide collected by filtration. 
The salt was washed with water and ether. The barium 



Dowex 50 (Ha+ for-) in 10 ml water for 4 h ^ . 
temperature. 2 . so*- ^oxide t » ; > ™ 

added and the reaction stored fo on 
temper-ature after which it was neutralized by 
of excess Dowex 50 (H+> for-. The if ied 

nucleotide was concentrated by evaporation and purged 
by reverse phase high-pressure chromatography. 



EXAMPLE XIX 



^substituted pyrimidine triphosphates were chemically 
U rea ft cL -pective monophosphates using a 
procedure of Michelson Biochem Biophyj; Acta, 91. 1.- 
(1964). The example of 5-hydroxy.ethyl-2-deoxycyt d.ne 

-tr Phosphate will be given. The others were .»xl«ly 
L Vhvdroxymethyl-2' deoxycytidylic acid (free 



prepared. 5-hydroxymethyl-2 • deoxycytidylic acxu v„ 
^ (0.63 g, 0.2 -1) - converted to it. t»-n- 
octylammonium salt by suspending in methano and 
addition of tri-n- octylammonium hydrox.de (0.4,, 0.2 
mmo l) . The suspension was refluxed until . icl.«. 



solution ... obtained and the solvent removed under 
vacuum. The salt -as dried by dissolution in and 
subsequent evaporation from dry pyndrne several time- 
To the salt, dissolved in dry di.ethylformamide oa ml, 
and dioxane (1 .1) was added "P"™^"^ 1 """". 
,0 1 ml. and tri-n-butylamine (0.2 .1). "»r 25 hours 
t'oom temperature, solvent »as removed and ether .as 
, ded to precipitate the ^""'^^^T^ . 
phosphate/ This vas dissolved in dioxane ,0. -1> nd 
solution of di(tri-n-butyl.mmonium, pyrophosphate (0.5 
mmol, in 1 ml. pyridine »as added. 

room temperature, the mixture »as pnZWKW under 
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, , i The crude product was 

vacuum to a small volume. The cruae P 

precipitated with ether. This was absolved xn 0.1 M 
phosphate buffer pit -8.0. The tr isphosphate wa purged 
^chromatography on DEAE cellulose ^^7^* 
gradient of 0.1 to 0.6 M tr iethylammonium bicarbonate P h 



.5, 



EXAMPLE XX 

DNA was labeled with 5-substituted pyrimidine triphos- 
phates by nick translating DNA in the presence of the 
^appropriate triphosphate. An example follows for 
labeling. purified DNA with biotinylated ^ " 

deoxyuridine. DNA (20 ug/ml, was incubated at 14 C. 
the presence of magnesium chloride (5 mM) 2-deoxy- . 
cvtidine-5'-triphosphate (15 mM) . 2 • deoxyad.nosxn.-5 - 
H^phate (15 uM), 2 • -deoxyguanosine-5 ; -tr iphsop a- 
(15 uM). biotinylat«J-5-Cot»yl-2'-deoxyuridin.-5 -tr 
phosphase (20 uM) , activated pancreatic deoxyr. onucle- 
ase I (13 mg/ml), E, coli deoxyr ibonuclease acid 
polymerase I (40 units/ml, and HCL, pH 7 4 (50 

li£ 2 hours the reaction was stopped by add.t o of 
0.3 MEDTA (.05 ml) followed by heat.ng at 65 for 
minutes. Labeled oligonucleotide was purify gel 
filtration chromatography through Sephadex^-100 and 
precipitation from cold ethanol. 
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EXAMPLE XXI 



PRECIPITATION OF GLYCOSYLATED DNA 
BY CONCAN AVAL IN A . 



Reaction mixtures (1.0 ml) were prepared in 1.5 ml 
eppendocf tubes as follows: 

Sodium potassium phosphate, P H 6.5 10mM 
• 150mM 

'■■ " aC1 5mM 

MgS ° 4 ImM ■ 
CaCl2 

' DNA (T4 of calf thymus) u< 3 

Cancanavalin A (10 mg/ml) 50-500 ug 

Reactions were started by the addition of concanavalin A 
(Con M. The solutions were mixed and left at room 
(Con . ^ _. a hllbes W ere centrifuged 

temperature for 60 minutes. The tubes wer 
at 1200 g for 15-20 minutes. The supernatants were 
diluted and the A 26 0 was measured. 

Since Con A absorbs at 260 nanometers, control solutions 
lacking DNA but containing Con A were prepared. The 
A absorbance was substracted from the absorbence 
obtained in the complete reaction mixtures. 

The results of this reaction are presented in accompany- 
ing Figure 1. • 
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EXAMPLE XXII 

BINDING OF GLUCOSYLATED DNA 
TO CONCANAVAL IN A „. 

Phage M DNA and phage ^DNA were labeled by incorpor- 
ation of H3-deoxyadenosine triphosphate into the DNA by 
nick translation according to the Rigby et al procedure. 
T4 DNA was nick translated to a specific activity of 
5xl05cpm/microgram and an average double- standed size 
of 5 kilobases. Lambda DNA was nick translation to a 
'specific' activity of 3xlo5cpm/microgram and an average, 
double stranded size of 6.0 kilobases as determined by 
agarose gel electrophoresis. Unincorporated nucleotides 
were removed from the reaction mixtures by Bio-Gel P-60 
chromatography. 

Con A sephacose was prepared as described by the 
manufacturer (Pharmacia). One ml of settled gel 
contained 18 mg of bound Con A. One ml columns were 
prepared in sterile pasteur pippetes and were 
equilibrated with PBS (0.15 M NaCl ; .01 M sodium 
potassium phosphate, pH 6.5). 

H 3-DNA samples were prepared in 0.5 ml of buffer (as 
described in Example XXI but without Con A) . T4 DNA 
solutions contained 176,000 cpm/0.5 ml, and, DNA. 
solutions contained 108.000 c P ./0.5 ml. A 0.5 ml sample 
was applied to the column. 

A 10 5 ml volume of buffer was passed through the 
column, and the eluate fractions (0.33 m) were collected 
arid counted in a Beckman LSC-100 scintillation counter 
in a 3.5 ml reafluor cocktail (Beckman). The results 



(Fig ures 2A and 2B) shew that non-glucosyl ated DNA was 
not bound whereas glucosylated T4 DNA was bound to the 
column. The bound T4 DNA was removed by washing the 
column with a higher P H buffer (Tris-HCl. P H 7.2 - 8.2). 

Purthermore. consistent with the interaction of gluco.. 
and Con A, mannose , when included in the buffe whxch 
the DNA is applied to the column, prevents binding of 
: g iucosylated DNA to Con A sepharose. Also, mannose- 
contain.ing buffer (PBS-containing 0.056 M mannose 
..removes bound T4 DNA from Con A sepharose (Figures 3A 

and 3B) . 

F 'urther illustrative of the practices of this invention 
directed to nonradioactive methods or technique, of 
assaying for specific nucleic acids, the following 
example deals with the use of the sugar-lectin system. 
This example deals with the use of DNA which is not 
fiycosy ated in nature but rather has had a -Itotnpse 
9 g lup added thereto by way of nic, translation described 
Leln. The maltotriose modified dUTP and DNA 
therewith bind specifically to a column of «ne.nv.lxn^ 
covalently bound to sepharose. By this technique^ m 
accordance with the practices of this invention, there 
is provided a means for specifically labeling any 
nucleic acid with -sugars. As previously indicate* 
herein, nick translation is only one of a number of 
techniques and approaches possible for the production of 
the modified nucleic acids in accordance with this 
invention. 



-71- 



EXAMPLE XXIII 



Lambda DNA was nick translated as described herein with 
maltotriose coupled to 5- (3-amino-l-propenyl ) -2 1 -deoxy- 
uridine-5' triphosphate and 3 H -2 1 -deoxyadenosine-5 1 - 
triphosphate. Under these conditions DNA was 
substituted to 40 per cent of its thymidine residues 
.with the maltotriose nucleotide and had a specific 
activity of 8x105. counts per minute (cpm) per. microgram 
of DNA.. A control sample of DNA substituted only with 
3«-dATP had a specific activity of 6x105 cpm per 
microgram DNA. The nick translated DNA samples were 
purified free of reaction mixture components by Biogel 
P-60 chromatography as described herein. 

The purified samples were applied to Con A-sepharose 
columns as described in Figures 2A and 2B. The malto- 
triose-labeled DNA was retained on the column when 
washed with PBS but was removed by subsequent elution 
with 10mM Tris-HCl, P H 8.2 (Figure 4A) . The unsub- 
stituted tritiated DNA did not bind to the column at pH 
7.4 (Figure 4B) . 
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EXAMPLE XXIV 



Potentially immunogenic heptenes may be introduced at 
the 5 position of uridine by a variety of methods in the 
literature. 5- (perf luorobutyl) -2 ' -deoxyur idine was 
synthesized using a method of Cech et al , Nucl^ Acids 
Res. 2, 2183 (1979). Copper-bronze was prepared by 
Toting copper sulfite (5 g, 20 mmol) with zinc powder 
(2 g) in 20 ml water. The mixture was decanted, and the 
residue washed with' water and then 5% hydrochloric acid 
and water. Just before use. the solid (2 g) was 
activated with 2% iodine in acetone (20 ml). After 
filtration the residue was. washed with acetone :concen- 
trated hydrochloric acid and then pure acetone. 
Activated copper- bronze (130 mg , 2 mmol) and 
1-iodo-l' ,2,2' ,3,3' , 4 , 4 ' heptaf luorobutane (1.3 mg, 4 
mmol) were stirred in 3 ml dimethylsulfoxide at 110°C. 
for 1 hour. After cooling and filtration, 
2 '-deoxyur idine (245 mg , lmmol) was added, and the 
mixture heated at 110°C. for 1 hour. Water (5 ml) was 
added, and the mixture extracted with ether. The ether 
extracts were dried and evaporated under reduced 
pressure. The residue was chromatogr aphed on a silica 
gel column eluting with ethylacetate . 

EXAMPLE XXV 

Tubericydin was substituted at the 5 position by 
derivitizing the 5-cyano compound, toyocamycin. An 
example is the synthesis of 4-amino-5 (tetrazol) -5- 
yl)-7- (B-D-ribofuranosyl) pyr rolo [ 2 , 3-d ] pyr imidine 
using a procedure of Schram and Townsend, J... Carbohydrate , 
Nucleosides Nucleotides 1, 38 (1974). Toyocamycin (1.0 
g) dissolved in water (100 ml) and glacial acetic acid 
(13 ml) was heated to reflux. Sodium azide (7.5 g) was 
added in 1.25 g portions over 10 hours. The solution 
was cooled to 5°C. and the precipitated product collected 
M.P. 276-277°C. 
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EXAMPLE XXVI 



5-Cyano-2'-deoxyuridine was prepared according to 

LLley et .1. HucU Acid. I- ™ f""^ f d °" 

2 --deox.yuridine (1.0 g. 2.82 mmol) was dissolved in 
re fluxing hexamethyldisilizane ( HMDS ) (10-1). ^ess 
HMDS was removed at reduced pressure, and the resulting 
oil was -dissolved in dry pyridine (50 ml) .. Cuprous 
cyanide (350 mg . 3.8 mmol) was added, and th.-.olution 
heated at 160O C . for 20. hours. Pyridine was removed at 

I ed pressure, and. the residue extracted into toluene 
l.wy r , ^..-j Th#* residue was 

which »as subsequently evaporated. The tesio 

he.ted in 50* a,ueous ethanol at 100= for 2 hours. The 
product was purified b, reverse-phase hi,h P»»»" . ' 
Uquid chromatography and recrystallized Co. ethano!. 

M.P.. 161°C. 
EXAMPLE XXVII 

4-amino-5-amino methylene-7- (^D-2-deoxyfuranosyl) 
pyrrolol2.3-dlpyrin.idin. dihydrochlor ide was obtained 
follows. 4-an,ino-5-cyano-7-^D-2-deoxyfuranosyl) 
ovrrolo[2 3-dJ pyr imid ine (Toyocamycin) (0.2 g) was 

^ Id in h drochloric acid (10 .1,. 10% pallium 
on charcoal (0.1 ,) was added as the mixture hydroge 

ated at 40 psi for 5 hours at room temperature. After 
i tration the water- was evaporated at reduced pressure 

The residue was triturated with ethanol. and the product 

recrystallized from 50% ethanol. 
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EX AMPLE XXVIII 

5-amino-2-deoxyuridine was prepared fro. 5 ^" 2 ^ 
de oxyuridine according to - -ocedure o Kob r t «■ 
Visser,- J. Anu Chem. Soc^ 14:665-669 (1952). 

~~ .7^ „„ 6 2 mmol) dissolved in liquid 
2'-deoxyuridme (2g, 6.^ ™ou ux 

l»l ( « - ^ * giass / ub 7i h ::::„ia 

at SO" lot 5 days. The tube -as opened, and the anmon 

1 elated. 5 -,mino-2 -d.oiyut idlne 

from -5 .1 »«« and 75 ml hot isopropyl alcohol. 

! * 

. EXAMPLE XXIX 

' 5 - t m.thyla»ino,-2'-deo K ,uridine .0.2 ,) was P"*"*^".. 
Ulo*s 5 -=yano-2-aeo,y U tidine ,0.2, 0.0 mol, »" 

dissolved in 1 . padded nd 

palladium on charcoal (0.1 g) was aaaea , 

Z o 9 en.ted at 40 p.s.i. .tot 10 hoots at too* te-peta- 

The .Ut«. »as filtered and the -atet 
at teduced pressure. The residue »as triturated «th 
ethet. and the ptoduot was tecrystallized from 80% 
ethanol. 



EXAMPLE XXX 



Maltose triose was oxidized to the corresponding 
carboxylic acid by the following method. Maltose ri se 
(0 5 g, 0.94 mmol) was dissolved in water (5 ml). Lead 
carbonate (0.42 g, 1.1 mmol) and bromine (0.17 ml), 3.3 
mmol) were added, and the mixture was allowed to react 
at room temperature for six days after which no reducing 
sugar remained. The mixture was filtered, and silver 
carbonate (0.2 g) added. After refiltering, the 
filtrate was deionized by elation through Dowex 50 (H . 
^ Evaporation of water and drying in the . presence 

of phosphorus pentoxide yielded the desired product. 



"1 
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EXAMPLE XXXI 

Maltose triose was coupled to 5- (3-amino-l-propenyl) - 
2 '-deoxyuridine-5 ' triphosphate by the following 
procedure. Oxidized maltose triose (190 mg , 0-18 mmol) 
was dissolved in dimethylf ormamide (0.8 ml) and cooled 
to 4°C. Isobutyl chloroformate (25 mg , 0.18 mmol) and 
,tri-n-butylamine (43 ul , 0.38 mmol) were added, and the 
solution allowed to react at 4°C. for 15 minutes. 5-<3- 
amino-l-propenyl) -2 • -deoxyur idine-5 ' - tr iphosphate (9.0 
! umol) dissolved in dimethyl formamide (1.2 ml) and 0.1 
M sodium borate and cooled to 4°C. , was added to the 
above solution. The mixture was incubated at 4°C. for 1 
'hour and at room temperature for 18 hours. It was then 
loaded on a DEAE-cel lulose column and eluted with a 
gradient of 0.1 to 0.6 M tr iethylammonium bicarbonate, 
pH 7.5. The product was finally purified by reverse 
phase high pressure liquid chromatography. 

Following are Examples XXXII and XXXIII. Example XXXII 
is a method of tagging allylamine modified dUTP with a 
fluorescein substituent. Thi-s is an example of creation 
of a self detecting nucleic acid probe. Example XXXIII 
is a method of labeling preformed double helical nucleic 
acids at the n2 position of guanine and the N 6 position 
of adenine. Example XXXVII has the detector molecule 
linked to the probe. Chromosoma 84: 1-18 (1982) and 
Exp, Cell Res. 128:485-490, disclose end labeling of RNA 
with rhodamine. However, the procedure of this 
invention is less disruptive and labels internal nucleo- 
tides. 
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EXAMPLE XXXII 



Fluorescein was coupled to 5- ( 3-amino-l-propyl ) -2 - 

deoxyuridine-5'-triphospnate (AA-dUTP) as follows. 

dUTP (10 umol). dissolved in 2 ml sodium borate buffer 
(0.1 m) , pH 9.0, was added to fluorescein isothiocyanate 
(10 mg, 25 umol) dissolved in 1 ml dimethyl formamide . 

After four hours at room temperature the mixture was 
loaded' onto a DEAE-cellulose column equilibrated in 
triethylammonium bicarbonate buffer, P H 7.5. The 
fluorescein coupled AA-dUTP was purified by elution with 
a" gradient of from 0.1 to 0.6 m triethylammonium 
bicarbonate, pH 7.5. 

EXAMPLE XXXIII 

DNA may be modified by reaction with chemical alkylating 
agents. Lambda DNA was alkylated in N* position of 
guanine and N* position of adenine by reacting DNA with 
aromatic hydrocarbon 7-bromomethylbenz [a] anthracene . 7- 
bromomethylbenzta] anthracene was obtained as follows. 7- 
methyi [a] anthracene in carbon disulfide solution was 
cooled in a freezing mixture and treated dropwise with a 
molar equivalent- of bromine. After 30 minutes, the 
product in suspension was collected, and was washed with 
dry ether and recrystallized from benzene. The yield 
wa s 66% with melting point 190 . 5-191 . 5°C . 

DNA purified from phage Lambda, (1.6 mg) was solubil- 
ized in 5.0 ml of 20 mM potassium phosphate pH 6.5. To 
4 o ml of DNA solution was added 500 micrograms 7- 
bromomethylbenz [a] anthracene in dry acetone. After 30 
minutes at 20°, the DNA was precipitated with two 
volumes of cold ethanol. The precipitate was washed 
successively with ethanol, acetone and ether to, remove 
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any unbound 7-bromomethylbenz [a] anthracene . Enzymatic 
hydrolysis of the DNA to nucleosides and subsequent 
chromatography of the products on Sephadex A LH-20 
columns, indicated that 18% of the adenine and 48% of 
the guanine in DNA were modified in N 6 and N 2 positions, 
respectively . 

The modified DNA was made single stranded either by (1) 
beating to 100° for 5 minutes and rapid cooling or (2) 
incubating with equal volume of 0.1 M NaOH for 10 
minutes and then dialyzing the solution for four hours 
agains.t 1 ml tris-HCl pH 8 . 0 containing 0 . 5 ml EDTA to 
keep the DNA in single-stranded form. 

EXAMPLE XXXIV 

A DNA probe was ligated to a synthetic DNA composed of 
repeated sequences of E^ coli lac operator DNA. After 
hybridization to detect antiprobe sequences, the 
hybridized DNA was detected by reaction with biotinyl- 
ated lac repressor which was, in turn, detected by an 
enzyme linked immune sorbent assay using goat antibiotin 
IGG to react with the biotin and a second antibody 
coupled to horse radish peroxidase. The lac polyoperator 
DNA has been described by Caruthers (Second Annual 
Congress for Recombinant DNA Research, Los Angeles, 
1982), and it was ligated, in a blunt end ligation,' 
using "T4 ligase, to an adenovirus DNA probe. In situ 
hybridization of the polyoperator-labeled probe DNA was 
carried out as described by Gerhard et al iProc. Natl^ 
Acad. Scj^ USA, 78, 3755 (1981) ■ Biotinylated lac 
repressor was prepared as described by Manning et al 
jChr^ospma, 5^. 107-117 (1075) and was applied to 
adenovirus infected cells, fixed to a glass slide, in 
Binding buffer composed of (0.01 MK CI. 0.01 M tris (pH 
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7.6), 0.01 M MgS0 4 , 10"* MEDTA , 10"* M DTT, 5% DMSO 
(dimethyl sulfoxide) and 50 ug/ml bovine serum albumin 
by J. Miller. Experiments in Molecular Genetics , Cold 
Spring Harbor Laboratory (1972). The slides were washed 
in binding buffer to remove unbound biotinylated lac 
repressor and then assayed for biotin using the horse 
radish .peroxidase-linked double antibody procedure. 
This procedure could be adapted to create an affinity 
column where the probe could be bound to immobilized 
repressor protein and then removed by elution with a 
Specific 'inducer, for example, isopropylthigalactoside 
or thiomethylgalactoside. The affinity of the 
repressor- operator complex is quite high 10'^ M. When 
a specific inducer binds to the repressor the operator- 
. repressor complex collapses. 



EXAMPLE XXXV 



5-Bromo-2'-deoxyuridine-5' -phosphate was prepared as 
follows: 2 '-Deoxyuridine-5' -phosphate (6.2 g) was sus- 
pended in a mixture of 60 ml pyridine and 30 ml acetxc 
acid. Bromine (0.84 ml) was added with stirring in an 
ice water bath and stirring continued for 20 hours at 
room temperature. The solution was concentrated by 
vacuum. After redissolution in a minimum of water a 
crude product was precipitated by addition of ethanol. 
The crude product was chroma tographed on Dowex 50 (H ) 
and eluted with water. The free acid product was 
precipitated from the concentrated eluent by addition of 

ethanol. 
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EX AMPLE XXXVI 

Calf intestine alkaline jphoaphal* was biotinylated as 
follows: The enzyme (1 mg , 7.7 mmol) was chromato- 
graphy on a G-50 column eluting with 0.1 M Hepes buffer 
P H 8.0 containing 0.1 M sodium chloride. The pooled 
fractions were reacted with N -biotinyl-6-amino-caproic 
acid-N-hydroxysuccinimide ester (0.675 mg , 0.77 umol) 
dissolved in 10 ml diemthylf ormamide .at room temperature 
for 1 hour. Sodium periodate (0.1 M 125 ul) was added 
■and stirring continued for 2 hours. The mixture as 
dialyzed at 4° overnight in 0.1 M. Hepes buffer P H 8.0 
with 0.1 M NaCl after which the P H was adjusted to 7.4. 
Bibtin hydrazide (0.1 M,' 0.5 ml) dissolved in 0.1 M 
Hepes buffer pE 7.4 arid 0.1 H NaCl was added and the 
reaction stirred for 30 minutes at room temperature. The 
P H was adjusted to 8.0 with 0.2 M sodium carbonate and 
0 5 ml of freshly prepared 0.1 M sodium borohydride m 
water was added, the solution was dialyzed against 0.1 M 
tris buffer pH 8.0 with 0.1 M NaCl. 



EXAMPLE XXXVII 



e-Cyano^'-deoxyuridine-S 1 -phosphate was prepared 
similarly to a procedure of Veder et al , J. Carbohydr. 
nucleosides, Nucleotides , 5, 261 (1978). 5-bromo-2'- 
deoxyuridine-S'-phosphoric acid (2.0 g, 15 mmol) dried 
by successive evaporation from pyridine was dissolved in 
50 ml dimethylsulfide. Sodium cyanide (490 mg , 10 mmol) 
was added and the solution stirred at room temperature 
for 2 days. The solution was diluted with 400 ml water 
and the pH adjusted to 7.5. It was applied to a DEAE- 
cellulose column (HCO" 3 form) washed with 2000 ml 0.02 M 
triethylammonium bicarbonate to yield the desired 
product. 
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EXAMPLE XXXVIII 

6-(Methylamino)-2'-deoxyuridine-5'-phosphocic acid was 
prepared as follows: 6-Cyano-2 1 -deoxyur idine-5 ' - 
phosphoric acid (0.2 g, 60 mmol) was dissolved in 0.1 M 
hydrochloric acid. After addition of 10% palladium on 
charcoal (0.1 g) , the mixture was hydrogenated at 40 psi 
for 20 .hours at room temperature. The mixture was 
filtered, neutralized with lithium hydroxide and lyo- 
philized. The product residue was extracted with 
ethanol. 

EXAMPLE XXXIX 

Horse radish peroxidase (20 mg) dissolved in 5 ml 
distilled water was added to 1.0 ml freshly prepared 0.1 
H sodium periodate solution. After stirring at room 
temperature for 20 minutes it was dialyzed overnight at 
40c. against 1 mM sodium acetate pH 4.4. Biotin 
hydrazide (2.6 mg, 5x10-2 mmol) dissolved 2.0, 0.1 M 
Hepes buffer pH 7.4 with 0.1 M sodium chloride was 
brought to P H S.O with 0.2 M sodium carbonate and 0.5 ml 
of a freshly prepared 0.1 M sodium borohydride solution 
in water was added. After^ hours at 4°C. the protein 
was purified on a Sephadex^G-SO column eluting with 0.1 
M Hepes. and 0.1 M NaCl. 

EXAMPLE XL 

Carrot acid phosphatase has been mentioned by Brunngraber 
and Chargaff, J. Biol Chem. , (1967) 242, 4834-4840 as a 
byproduct of the purification of phosphotransferase and 
has been purified to a specific activity of 460 uM/mg/min 
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at 370C with paranitrophenylphosphate as the substrate 

at 37 c. wu of (a) absorption of 

The purification involved the steps o 

non-specific proteins by DEAE cellulose; (b) acid 

non specinc y Aret one fractionation; 

purification of the enzyme; (c) acetone tt 

d) concanvalin A affinity ch«o«to,r.p|£, ) 
apatite chromatography and (f) Se P hadex A G- 100 f actio 
ation. The specific activity of the enzyme .ub,.c d to 

th . Sephadex G-100 fractionation due to loss o »<^ t * 

in' the preceding affinity c^^"^.' 6 '/.^.,:;" 

170 uM/mg/m. By changing elution conditions at step 
■ (d , these losses can be avoided with the result that 
"h iecific activity of the enzyme before the Sephadex 
S 10 P 1 c ation can be improved to 340 uM/mg/m. The 

Se'phadex^-100 fractionation step should yield an enzyme 

having a^specific activity of 800 uM/mg/m or higher. 

Carrot acid phosphatase was biotinylated using a 

elutin, »i t h 0.1 « sodiun, .estate, * ».0. 
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Of special importance and significance in the practices 
of this invention is the utilization of self -signaling 
or self- indicating or self -detecting nucleic acid., 
particularly such nucleic acids which are capable of 
Ling incorporated in double-stranded UNA and the UK.. 
Such seif-signaling or self -detecting nucleic, adds can 
be created by covalently attaching to an allylamine 
substituent making u P a modified nucleotide in accord- 
ance with this invention a molecule which will chelate 
specific ions, e.g. heavy metals, rare earths, etc. 
in general, the chelated ion can be detected either, (a) 
by radioactive emission or (b) by using the ion to . 
catalyze a chromogenic or fluorogenic reaction. 

By way of example, a solution of 3,4-dinitro phenol is 
reduced to 3,4-diamino cyclohexane 

This material is then brominated 

2) - L J h|\^nk. 

to form 3,4-diamino bromo cyclohexane (dABCH) This 
compound is reacted with halide (CI, Br, I) substituted 
carboxymethyl compound to produce a tetra carboxymethyl 
derivative or dABCH (TCM-dABCH) : 
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Br 



3) 




NH. 



Br 



+IXCH -COO) 




^CH 2 COO 
N -CH 2 COO 
CH-COO 

N CH 2 COO 



The bromine is -substituted by an amino group using 
soluble ammonia: 



4) 




+ MH (liq) 




Then this compound is reacted with chloro thiophosgene 
to produce the isothiocyanate derivative of (TCM-dANCH) 



H. 



5) 



or: 



+ci 2 cs 




"2 ^ 
Finally, this compound is reacted with dUTP-allylamine 
derivative to produce modified dUTP . 

6 dUTP-Allylamine + Jl | ( 

I 



dUTP-Allyl-N 




N ^CH 2 COO 
CH COO 

N 

v CH 2 COO 



Cobalt or other heavy metal ions or other rare earth 
ions can be chelated to the compound after step 3 above. 
Or the nucleic acid can be substituted with this adduct 
and then the ion added. (Example, cobalt is added at P H 
6 where the binding constant is 10 _19 M) . 



m 
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Cobalt can be assayed by radioactivity . It can also be 
aetected by its ability to oxidize .ethylene 
Luco.foc. in the presence of molecular oxygen^ can 
be used to oxidze soluble sulfhydro groups, to disulfide 
bonds again in the presence of molecular oxygen. 

This type of self-signaling molecule can be used to 
monitor any nucleic acid hybridization reaction. It is 
particularly important for detecting nucleic acids 
gels (for example, sequencing gels). 

With. respect to its use in radioactivity, it can be used 
to tailor the isotope needed, i.e. if a wea* or trong 
/5 br emitter is needed, that isotope can be chelated ■ 
Examples of isotopes that can be used are listed immed- 
lately hereinafter. 



4J 
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Antimony-124 
Antimony-125 
Arsenic -74 

8arium-133 
8ariurrt-140 
Beryllium-7 
Bismuth-206 
8l3muth-207 

Cadmium-109 
Cadmium- 115m 
Calcium-45 
Carbon-H 
Cerium-139 
Carium-H1 
Carium-144. 
Cesium- 134 
Caaium-137 
Chlorine-36 
Chromium-51 
Cobalt-56 
Coba(t-57 
Cobalt-53 
Cobalt-60 

Erbium-169 
Buropium-152 

Gadolinium- 153 
Gold- 195 
. Gold-199 

Hafnium-175 
Hafnium-175-H81 
Hafnium-181 
Hydrogen-3 see Tritium 



lodine-125 
lodine-131 
lodine-132 
lridium-192 
lron-55 
lron-59 

Krypton-85 

Lead-210 
Lutecium-177 

Manganese- 54 
Mercury-197 
Mercury-203 
Molybdenum-99 

Neodymium-147 
Neptunium-237 
Nickel-63 
Niobium-95 

Osmium- 185+ 191 
Pailadium-103 

P!atinum-195m 
praseodymium-143 
Promethium-147 
Protactinium-233 

Radium-226 
Rhenium-186 
Rubidium-86 
Ruthenium-103 
Ruthenium-106 



Scandium-44 

Scandium-46 

Seienium-75 

Siiver-nOm 

Silver-111 

Sodium-22 

Strontium-85 

Strontium-89 

Strontium-:90 

Sulphur-35 

Tantaium-182 

Technetium-99 

Teilurium-125m- 

Teliurium-132 

Terbium-160 

Thallium-204 

Thorium-228 

Thorium- 232 

Thulium-170 

Tln-113 
TUanium-44 

Tritium 
Tungsten-185 

Vanadium-48 
Vanadium-49 

. Ytterbium-169 
Yttrium-88 
Yttrium-90 
Yttrium-91 

Zlnc-65 
Zirconium-95 
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Streptavidin, a protein produced by a Streptomyces 
avidinii is a large molecular weight component of a 
syneraistic pair of compounds which are both present in 
the culture filtrates of this microorganism. Each of 
the pair is inactive but in combination are active 
against gram-negative microorganisms. It has been found 
that the small component of this antibiotic . prevents de 
novo synthesis of the vitamin biotin and thus, at least 
.in synthetic media, show antimicrobial activity. In 
complex medium, however, the large component has to be 
included to exert the same effect on bacteria. This has 
"been shown to be due to the presence of external biotin 
in the complex medium. The large molecular component 
has been found to bind external biotin and thus demon- 
strating the same kind of action as avidin from eggs and 
oviduct tissues of laying birds. 

Streptavidin has been purified and shown to be a 60,000 
dalton polypeptide. Like avidin, streptavidin contains 
four subunits and binds tightly four molecules of biotin. 
Unlike avidin, however, it is non-glycosylated and it 
has PI of 5.0 as compared to avidin with PI = 10.5. Due 
to the difference in pi streptavidin does not have a 
tendency to non-specif ically interact with DNA. 

PREPARATION OF STREPTAVIDIN 

A semi-synthetic medium containing salt, 1% glucose, 
0.1% asparagine, 0.05% yeast extract and trace elements 
was prepared. The cultures were grown at 26°C. for 
three days. Mycellium was removed by centr if ugation and 
protein in the supernatant were absorbed to DEAE- 
cellulose in a batchwise process after P H was adjusted 
with 1M HC1 to 7.2. DEAE-cellulose was filtered off and 
washed with 20 mM Tris-HCl (pH 7.2) until no absorbancy 
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at 280 nm was recorded. Streptavidin was eluted with 20 
mM Tris-HCl (pH 7.2) containing 0.5 M NaCl . Ammonium 
sulfate precipitation was used to further concentrate 
the streptavidin (50% w/y at 4°C). 

The precipitate was dissolved in water and dialyzed 
against 1.0 M. NaCl, 50 mM Na 2 C0 3 . In the next step 
affinity column chromatography on iminobiotin sepharose 
! was used. Eluted streptavidin from iminobiotin 
sepharose column was shown to be chromatographically 
pure by non-denaturing agarose-gel electrophoresis. 

The final purification of streptavidin is accomplished 
by affinity purification through an iminobiotin-sepharose 
column. Iminobiotin is an analog of biotin in which the 
car bony 1 of the urea moiety is substituted with an imine 
function. Iminobiotin will bind avidin and streptavidin 
at basic pH but the complex is dissociable at acidic pH. 

Iminobiotin is prepared from biotin in several steps. 
Biotin is hydrolyzed by barium hydroxide to cis-3,4- 
diamino-2-tetrahydrothiophene-valeric acid which is 
reacted with cyanogen bromide to iminobiotin. The 
iminobiotin is coupled to amino sepharose via the 
N-hydroxysuccinimide ester of its hydrobromide salt. 

The crude protein mixture from DEAE eluted Streptbmyces 
avid'inii incubation media is dissolved in 50 mM sodium 
carbonate and 1.0 M sodium chloride (pH 11) and applied 
to an iminobiotin column pre-equilibrated with this 
solution. The column is eluted at pH 11. Streptavidin 
is subsequently eluted with 50 mM ammonium acetate, pH 
4.0 containing 0.5.M sodium chloride. The eluent is 
dialyzed three times against 1 mM Tris pH 7.4 and lyo- 
philized to dryness. 



in the practices of this invention avidin is useful 
as a detecting mechanism for labeled DNA.. such as 
biotin-labeled DNA. However, avidin itself, such at 
about neutral pH, complexes with DNA with the result 
that any signal derivable from a complex between biotin- 
labeled DNA and avidin might be lost or be non-detect- 
able in the background due to the complex, formation 
between avidin and unlabeled DNA. This disadvantage of 
the use of avidin in the practices of this invention is 
not possessed by streptavid in. which does not form a 
complex with DNA at. about neutral P B but is capable of 
"forming a complex with the biotin portion of biotin- 
labeled DNA. 

In another aspect directed to the broad utility of 
avidin and streptavidin for detecting labeled compounds 
other than DNA , avidin and streptavidin are particularly 
effective as detecting mechanisms for labeled proteins, 
polysaccharides and lipids. By way of example, one can 
fix to a solid matrix a specific antigen and bind to this 
antigen an antibody directed against this antigen which 
itself has been biotinylated . Then one can assay for 
the presence of this biotinylated antibody by reacting 
it with avidin or streptavidin complexed with an enzyme, 
such as calf intestine alkaline phosphatase, or to which . 
fluorescing molecule, as for example fluoroscein has been 
linked. 

The use of the antigen-antibody system for detecting 
either antigen or antibody is well known. A comparable 
system is a system based on a glycosylated substrate or 
molecule and matching or appropriate lectin. In this 
system the lectin would carry a label, such as fluorescein 
or appropriate enzyme. In this glycosyl-lectin system 
the labeled lectin forms a complex with the glycosyl 
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If antibody were available, absorption on an affinity 

column and.elution with acid would be preferable because 

it would be possible to process many probes in accordance 

with the practices of this invention at the same time. 

The -bacteria to be examined is usually readily concentrated by o 

In accordance with the practices of this invention, the 
identification or char acer ization of the isolated 
: particles, viruses and bacteria, would be hybridization 
of the characterizing or identifying DNA thereof with a 
specific single stranded DNA probe prepared in accordance 
with the practices of this invention. After hybridi- 
zation, excess non-hybridized probe DNA would be digested 
with Si nuclease and exonclease I from coli at high 
salt content to suppress the nicking activity of the S± 
nuclease, see Vogt, Methods in Enzymology , Vol. 65, 
pages 248-255 (1980) . This nuclease treatment would 
produce mononucleotides from the excess, non-hybridized 
single-stranded DNA probe but would leave the double- 
stranded, hybridized DNA intact. This would then be 
absorbed at high salt content on Dowex anion exchanger 
(the nucleotides and the small amount of oligonucleo- 
tides will not bind to the resin in high salt concentra- 
tion) . The resulting hybridized DNA would then be 
identified or characterized by various procedures 
applicable to the practices of this invention. 

The" special nucleotides^th^^ 

signalling chemical moiety Sig covalejatly attached 
y thereto, either to the P, S or B moie^ Foll £$}f£j e 
J) structural formulas of various base B moieties^ and 
nucleotides which are modified in accordance with the 
practices of this invention. 
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The major purines 
Adenine 
(6-aminopur ine) 
NH 2 



eCH 



Guanine 
(2-amino-6-oxypurine) 
0 



HNi fi ^C^ ^ 



H 



Two minor purines 
' 2-Methyladenine 

NH 2 



8CH 



The major pyrimidines 

Cytosine 
(2-oxy-4-aminopyr imidine) 
NH 2 

N ** CI 



0=i 



1-Methylguanine 
0 



-3fV V CH 



H 



U r ac i 1 
(2,4-dioxypyr imidine) 

0 

HN 3 - CH 

1 0=C ^ CH 
H 



Two" minor pyr imidines 
5-Methylcytosine 
NH 2 

N3 * 5C-CH 3 

I II 
0=C* 

H 



Thymine 

(5-methyl-2 , 4 -d ioxypyr imidine) 

0 
II 

HN^>C-CH 3 
H 



5-Hydroxymethy Icy tosine 
NH 2 

N^>C-CH 2 OH 
I II 



! ,J|: 



Si- £| ■ 



Hi 
? >!■ 

'is 
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PYRIMIDINE 



i H 



PURINE 



W 



H 



HC 2 



sC 
II 



H 



jor ribonucleotides and deoxyr ibonucleotides. 



X^e\ ma 
^Ribonucleoside 



5 i*lr mono phos ph a te s 
0 



1 



2 1 -Deoxyr ibonucleoside 
5 1 -monophosphates 




OH 

I s 
BO— P— O— CH 2 



Base 



31 2'J 



OH 



.(General Structure 



: -il- f 



Names 



General Structure 



Names 



1 



Adenosine 5 '-phosphor ic acid 

: \ (Adenylic acid; AMP) 
Guanine 5 1 -phosphoric acid 

/(gljanylic acid; GMP) 
Cytidine-S 1 -phosphoric acid 

H^lttidy lie acid? CMP) 
UridfU 5* -phosphoric acid 
v^ldylic acid? UMP) 



Deoxy adenosine 5 '-phosphoric acid 

(deoxyadeny lie acid; dAMP) 
Deoxyguanosine 5 '-phosphoric acid 

(deaxyguanylic acid; dO^P) 
Deoxycytidine 5 '-phosphoric acid 

(deoxycytidylic acid; dCMP) 
Deoxythymidine 5 '-phosphoric acid 
(deaxythynddylic acid; dTMP) 





wmmm 




i . '. 

■ , I : 



--A 



-93- 



\ 



Thej.special nucleotides in accordance with this inven- 
tion, as indicated hereinabove, in addition to the P, S 
^andBmoietie^ . 



(fa M 

A 



J coavalently attached to the P, S and/or B moieties;. Of 
j> special interest in accordance with the practices. of 

this invention would be those nucleotides having the 

general formula, 
fifMS 'Si')) o P-S-B - Sig 

'|*here/n pfflAhe phosphoric acid moiety including mono-, 
Ddi- ! , ; tri-, or tetra P hospha±e. sj#h< sugar or monosaccharide 
j> moiety, B the base moiet^Uher a purine or a pyrimidine 
>The': phosphoric acid moiety p)j is^aj^ached at the 3' and/or 



Jthe'lS' position of the S moietyijwh^n the nucleotide is 

a deoxyribonucleotide and at the 2 1 , 3 1 and/or 5' position 
J)when the nucleotide is a ribonucleotide, The base B moiety^ 

is 'attached from the Nl P<f ot the N9 P ositi <? n to the 

•p l' position of the S moietV^nen the base moiety is a 

pyrimidine or a purine, respectivedv^Jhe Sig moiety is 
J> "covalently attached to the B moie^fi of'the nucleotide 
and when so attached is capable of signalling itself or 
makes itself self-detecting or its presence known and 
desirably or preferably permits the fMj°®f>S0g n -£§ J the 
J) resulting nucleotide P-S-B - Sigtfinto or to form a 
double-stranded helical DNA or RNA or DNA-RMA hybrid 
and/or to be detectable thereon. 



^Another special nucleotide in accordance with this 
indention is. character ized by the general formula: 





f. y. ■ 
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Such nucleotides in accordance with this invention 
would be characterized ^as ribonucleotides. The 
y phosphoric acid moiet#^ attached at the V, 3 
p 5 ' position of the sugar S moie^d the base B/jtfeW 
7> attached from the Nl position or tj. N9 position to the 
1)1- position of the sugar S moiety^n said base^is a 

pyrimidine or a purine, respectively. The Sig 
J moiety, is covalently attached to the sugar S moiettf arfd 
D^id'sig chemical moiety when attached to. said S moiety^ 
is capable of signalling itself or making itself 
self-detecting or its presence known and preferably 
^'permits the incorporation of • the ribonucleotide into 
its corresponding double- stranded RNA or a DNA-RNA 
hybrid. 



sig 

' Such nucleotides^- S - B desirably have the Sig 
} chemical ynoiety^Rached to the C2' Potion °f the S 
} moielffi) the C3' position of the S moiet^ 

Still further, nucleotides in accordance with the 
practices. of this invention include the nucleotides 
having the formula, 

Sig 

<^\>her.in pH.4e phosphor ic ^ moiety , S the sugar 
moiety^. B the base njtftf I J these special 
\ nucleosides the P moiet^ attached to the 3' and/or 
T>the 5' position of the S moiet^wh^n the nucleotide is 

deoxyribonucleotide and at the V, V and/or 5' posit^o 
>when the nucleotide is a ribonucleotide. The baw ifeis 
} either a purine or a pyrimidine and the B moiety is J 
attached from the Ml or the N9 position to the 1' 
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position of the sugar moiety when said B moiety^ is af 
pyrimidine or a purine, respectively. The Sig chemical 
moiety is covalently attached to the phosphoric acid P 
moiety/jvia the chemical linkage 

QH 



O - Sig 



O 




said Sig, when attached to said P moiety/) beting capable 
of- signalling itself or making itself self-detecting or 
"its presence known and desirably the nucleotide is 
capable of being incorporated into a double-stranded, 
polynucleotide, such as DNA, RNA or DNA-RNA hybrid and 
when so incorporated therein is still self- detecting. 

It is pointed out that the special nucleotides in 
accordance with the practices of this invention 
described or defined her eU|b^ye , by the general formula 
J P - S - B - Sig^llso influde^&cleotides wherein the 
Sig chemical moiety is covalently attached to the B 
PmoietSprihe N 6 or 6- amino group position when the B 
^ moietySf^denine or the N 2 or 2-amino. group position 
}when the B moiety^ls "guanine or the or 4-amino group 
position when the B moiety is cytosine. The resulting 
nucleotides containing the Sig moiety attached thereto 
are capable of signalling themselves or making them- 
selves self-detecting or their presence known and being 
detectable is a double-stranded or DNA, RNA or DNA-RNA 
hybrid. 
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, By way. 'of summary, as indicated hereinabove with • 

respltt to the make-up of the various special nucleo- 
= tidesfin accordance with this invention, the special 



nucleotides '■ 

■•••ri- 



i! can.be described as comprising a phosphor^j) 
D acid^oiety' C^ sugar moiety ^d a base moiety JT^ _ /A j£ : 
T) purine or pyrimidine, which combination- of P-S-B/ls 
I well$nown with respect to and defines nucleotides, : 
'■■ bothfleoxyribonucleotides and ribonucleotides. The 
' 'nucllotides .are then modified in accordance with the 

covalently Vc/77) 
the S moietyn 

The (fM-SM-M 




is clpable of rendering or *** Ln f 
nucleotide, now comprising P-S-B^wfth the Si$ 



ng 
moiety 



Jpnucleptide , ..■ — r n 

bein£ attached to one or more of the other moieties, 
• -selfldetecting or signalling itself or capable of 

making its presence known per se, when incorporated , 
intofa polynucleotide, especially a double-stranded 

■ i polynucleotide, such as a double-stranded DNA, a 

I double-stranded RNA or a double-stranded DNA-RNA | 
i hybrid. The Sig moiety desirably should not interfere 
; ! witilthe capability of the nucleotide to form a 
' double-stranded polynucleotide containing the special 

^Sig-cjontaining nucleotide in accordance with this 
: ; ■ invention and, when so incorporated therein, the Sig- 
' : ; containing nucleotide is capable of detection, 
' ; localization or observation. 

i ; The|ig moiety employed in the make-up of the special 
J ^nucleotides of this invention could comprise an enzyme 
ri:or -e^ymic material, such as alkaline phosphatase, -. 

K i is^-M I 

■ j^'nucfease^ ■ 

! Pflufrescing component, such as fluorescein or rhodamine 



■I i ;or;lMnsyl. If. desired, the Sig moiety could include a 
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magnetic component associated or attached thereto, such 
as a magnetic oxide or magnetic iron oxide, which would 
make the nucleotide or polynucleotide containing such a 
magnetic-containing Sig moiety detectable by magnetic 
means. The Sig moiety might also include an electron 
dense 'component, such as ferritin, so as to be 
available by observation. The Sig moiety could also 
include a radioactive isotope component, such as 
radioactive cobalt, making the resulting nucleotide 
observable by radiation detecting means. The Sig 
moiety could also include a hapten component or per se 
; "be capable of complexing with an antibody specific 
thereto. Most usefully, the Sig moiety is a 
polysaccharide or oligosaccharide or monosaccharide, 
which is capable of complexing with or being attached 
to a- sugar or polysaccharide binding protein, such as a 
lectin, e.g. Concanavilin A. The Sig component or 
moiety of the special nucleotides in accordance with 
' this invention could also include a chemiluminescent 
component* 

As indicated in accordance with the practices of this 
invention, the Sig component could comprise any 

' chemical moiety which is attachable either directly. or 
through a chemical linkage or linker arm to/^j^ 

fc nucleotide, such as to the base B component^therein, or 
J the suga^jompone-nt^tr/erein, or the phosphoric acid P 

"J component^ thereof . 

The Sig component of. the nucleotides in accordance with 
this invention and the nucleotides and polynucleotides 
incorporating the nucleotides of this invention 
containing the Sig component are equivalent to and 
useful for the same purposes as the nucleotides 
described in the above-^^^ied^.^ate^^jpl ica- 
3>tion Serial No. 255 ,223^0^ specifically, the 
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chemical moiety A described in U.S. patent • appl ication 
Serial No. 255,223 is functionally the equivalent of 
the Sig component or chemical moiety of the special 
nucleotides of this invention. Accordingly, the Sig 
component or chemical moiety of nucleotides of this 
invention can b ? di.cUyo^t tached to the P, 

>S or B moi.ti.sjffl'fflt&ffdmrT^a a chemical 
linkage or linkage arm as described in U.S. patent 
application Ser. No. 255,223, as indicated by the 
dotted line connecting B and A of the nucleotides of 
U.S. Serial No. 255,223. The various linker arms or 

-linkages identified in U.S. Ser. No. 255,223 are 
applicable to and useful in the preparation of the 
special nucleotides of this invention.. 

i particularly important and useful aspect of the 
special nucleotides of this invention is the use of 
such nucleotides in the preparation of DNA or RNA 
probes. Such probes would contain a nucleotide 
sequence substantially matching the DNA or RNA sequence 
of genetic material to be located and/or identified. 
The probe -would contain one or more of the special 
nucleotides of this invention. A probe having a 
desired nucleotide sequence, such as a single- stranded 
polynucleotide, either DNA or RNA probe , would then be 
brought into. contact with DNA or RNA genetic material 
to be identified. .Upon the localization of the probe 
and the formation of a double-stranded polynucleotide 
containing the probe and the matching DNA or RNA 
material to be identified, the resulting formed 
double-stranded DNA or RNA-containing material would 
then be observable and identified. A probe in 
accordance with this invention may contain substantial- 
ly any number of nucleotide units, from about 5 nucleo- 
tides up to about 500 or more, as may be required. It 
would appear that 12 matching, preferably consecutive, 
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nucleotide units would be sufficient to effect an 
identification of most of the DNA or RNA material to be 
investigated or identified, if the 12 nucleotide 
sequence of the probe matches a corresponding 
cooperative sequence in the DNA or RNA material being 
investigated or to be identified. As indicated, such 
probes may contain one or more of the special 
Sig-containing nucleotides in accordance with this 
invention, preferably at least about one special 
nucleotide per 5-10 of the nucleotides in the probe. 

As indicated hereinabove, various techniques may be 
employed in the practices of this invention for the 
Incorporation of the special nucleotides of this inven- 
tion into DNA and related structures. One particularly 
useful technique referred to hereinabove involves the 
■ utilization of terminal transferase for the addition of 
biotinated dUMP onto the 3' ends of a polypyr imidine or 
to single-stranded DNA. The resulting product, such as 
a single-stranded or cloned DNA, which has biotinated 
dUMP attached to the 3' ends thereof, can be recovered 
by means of a Sepharose-avidin column wherein the avidin 
would complex with the biotinated dUMP at the ends of 
the DNA and be subsequently recovered. In accordance 
with the practices of this invention hybridization to 
mRNA could be accomplished in solution and the resulting 
hybrid recovered via a Sepharose-avidin column and the 
mRNA recovered therefrom. Similar techniques could be 
employed to isolate DNA- RNA hybrids. This technique 
employing terminal transferase for the addition of the 
special nucleotides in accordance with this invention is 
widely applicable and the resulting modified nucleotides 
containing the special nucleotides in accordance with 
' this invention including the special biotinated nucleo- 
tides or the special glycosylated nucleotides could be 
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selectively recovered via complexing with ayidin upon a 
Sepharose-avidin column or complexing with a lectin, 
such as Concanavalin A or a Sepharose-Concanavalin A 
column. 

Illustrative of the practices of this invention, 
biotinated dUTP was added to the 3' ends of d[pT] 4 .as well 
as single and double stranded DNA employing terminal 
transferase and the resulting product- was purified through 
G-50 Sepharose and separated on a Sepharose-avidin affinit 
column. It was found that 69% of the d[pT] 4 molecules 
were biotinated and recovered on the Sepharose-avidin 
column. The results of this experiment established that 

i. 

terminal transferase added biotinated dUMP to the 3' ends 
of a polypyr imidine. 
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The detection of nucleic acids to which specific 
molecules have been covalently' attached can be effected 
through the use of many naturally occurring proteins to 
which small molecules are known to specifically bind. 
In this procedure the small molecules are bound to the 
nucleotide using the allyl amine side chain. These 
nucleotides are then incorporated into specific nucleic 
acids using a DNA or RNA polymerase or ligase reaction 
or a chemical linkage. After annealing this probe with 
a complementary antiprobe sequence, the presence of the 
probe is assayed for by the specific binding of the 
protein to the ligand covalently bound to the probe. 

Examples of protein-ligand reactions that are 
appropriate for this type of detector system include; 

1. Enzymes and allosteric effector or modulator 
molecules. An example of this is the enzyme threonine 
dehydratase which is a heterotropic enzyme in that the 
effector molecule, L-isoleucine , is different than the 
substrate, L-threonine , J. Monod, J. Wyman and J. P. 
Changeux (1965), J. Mol. Biol. 12:88-118. 

2. Effector molecules involved in regulation. An 
example of this is the specific binding of 3',5-cyclic 
adenosine monophosphate to the cyclic AMP receptor 
protein, I. Pastan and R. Perlman, Science 169:339-344 
(1969) . Another example is the lactose repressor .* 
molecule and the inducer molecules isopropyl thiogalacto 
side or thiomethylgalactoside . These two inducer 
molecules are called gratuitous inducers in that they 
are not metabolized by the enzymes they induce, W. 
Gilbert and B. Muller-Hill, Proc. Natl. Acad. Sci. (US) 
70:3581-3584, (1973). 
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3. Hormone receptors and other receptors on the 
surface of the cell to which organic molecules will 
specifically bind. An example of this is the 
epinephrine-epinephrine receptor system in which 
epinephrine is bound in a ster iospecif ic manner with a 
high affinity to the receptor. With this system, since 
the receptor protein is insoluble in water, it will be 
imbedded in a lipid bilayer structure as for instance a 
liposome. Suitable detector systems would include 
specific enzymes or fluorescent molecules inside or 
within ,the lipid bilayer. 

'4. Specific ligand binding proteins included in the. 
transport of small molecules. An example of this is the 
periplasmic binding proteins of bacteria which have been* 
shown to bind many amino acids, glucose, galactose, 
ribose and other sugars, Pardee, A. Science , 162:632- 
637, (1968); G. L. Hazelbaur, and J. Adler, Nature New 
Bio . 230: 101-104, (1971) . 

In the above-mentioned examples the ligand bound to the 
nucleic acid reacts with a naturally occurring protein. 
The specificity of this reaction resides in the 
ligand-binding site of the protein. 

One further example of small molecule interaction with 
naturally occurring proteins involves the specific 
binding of coenzyme or other prosthetic molecules; to 
enzymes. Examples of such coenzymes include thiamin 
pyrophosphate, flavine mononucleotide, flavine adenine 
dinucleotide, nicotinamide adenine dinucleotide, 
nicotinamide adenine dinucleotide phosphate, coenzyme A, 
pyridoxyl phosphate, biotin, tetrahydrof olic acid, 
coenzyme B12, lipoic and ascorbic acid. Many of these 
molecules form covalent linkages with their apoenzymes. 
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However, some, foe example, coenzyme A, coenzyme B 12 and 
te.trahydrofolic acid, associate in a non-covalent but 
specific manner with their cognate apoenzymes. A 
specific coenzyme-apoenzyme system for use in this 
system is flavine adenine dinucleotide (FAD) and flavine 
adenine dinucleotide reductase isolated from Escherichia 
■coll. With this system the binding of FAD is sufficiently 
strong to- permit detection. 

The special nucleotides of this invention and poly- 
nucleotides including such nucleotides, either single- 
stranded or double-stranded polynucleotides, DNA and/or 
rna.. comprising the components, phosphoric acid moiety 
J)pfp!e f ugar or monosaccharide moiety S^€he base moiety 
>B$MPdrine or a pyrimidine,' and the signalling or 
self-detecting moiety, Sig, co Y^^l^i ched t0 
^either the P, S or B moieties f ^fntfc«£d hereinabove, 
have many uses and utilities. For example, the 
nucleotides of this invention and polynucleotides 
containing the nucleotides of this invention are useful 
as immune-stimulating agents, as adjuvants in vaccines, 
as agents for the stimulation or induction from 
competent cells, such as lymphocytes, for the production 
of iStfS^cytokines or cytokinins, interferon or 
other cellular products. 

It -is well known that double-stranded poly A:U is a 
stimulator or inducer for the production of interferon, 
although weakly so. Similarly, poly I:C is also known 
as a stimulator or inducing agent for the production of 
interferon. 

The advantage of polynucleotides, such as double-stranded 
polynucleotides incorporating one or more nucleotides in 
accordance with this invention is that, in effect, such 
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polynucleotides would be more effective and more 
powerful inducing or stimulating agents for the 
production of interferon and related materials from 
cells. For example, nucleotides in accordance with this 

invention ^j^^ 
J>S, B and Sigttare [suitably prepared so thfi< the 

nucleotides and polynucleotides prepared therefrom are 
more resistant to nucleases. Similarly, such nucleo- 
! tides and polynucleotides containing the same and 

suitably prepared which. are more capable of contacting, 
.. stimulating and penetrating cellular surfaces or 

membranes, such as the cellular surfaces or membranes of 
lymphocytes and other cells so as to stimulate the same 
fot the production of a desired cellular product, such 
as interferon. 

Particularly useful among those special nucleotides in 
accordance with this invention having the formula P-S-B- 
^SigS^splcfalg^useful are those wherein the Sig 
component is at the 5 position of the pyrimidine or the 
7 position of the purine or a deazapurine or the N 
position of guanine or the position of adenine. Such 
nucleotides and polynucleotides incorporating the same, 
both single-stranded and double-stranded nucleotides, 
DNA and/or RNA are prepared in accordance with this 
invention to provide increased stability with respect to 
. the double-stranded helix of DNA or RNA or DNA-RNA 
hybrid containing the same. Increased resistance to 
nucleases is also achievable as well as alterations or 
favorable changes in the hydrophobic properties or 
electrical or charge properties of the nucleotides and 
polynucleotides containing the same. Also, nucleotides 
and polynucleotides in accordance with this invention 
are prepared which, when administered to humans, have 



-105- 



reduced pyrogenicity or exhibit less other whole body 
toxic responses. Additionally, the nucleotides and 
polynucleotides are prepared in accordance with this 
invention to provide a ligand, such as the component 
Sig, 'to which specific polypeptides can combine to 
create or bring about the formation of RNA complexes. 
It is seen therefore that the nucleotides of thfs^^^ 
^invention include the P, S, B and Sig componentsyjvherein 

'the Sig. i^covaleotly ^^L^V^ ^ P ' W 
T>«bi.ti.^« ^^virarrl^ array of chemical 
agents having special biological effects including 
therapeutic effects and cytotoxic effects. 

' The special nucleotides of this invention, including 
polynucleotides containing these nucleotides, in 
addition to being stimulating or inducing agents for 
the production of cellular materials or products, such 
as interferons, lymphokines and/or cytokines, are also 
useful for their chemother apeutic effect and for the 
preparation of chemotherapeutic agents based thereon 
but also for their cytotoxic effects and the production 
of cytotoxic agents based thereon. W moiety Sig 
attached to the special nucleotides of this inv.ntflfl^ 
^containing the other moieties, or components P, S, By) 
provides a site per se for the attachment thereto, the 
Sig component, of special agents of known chemothera- 
peutic or cytotoxic effect. Such nucleotides could be 
introduced or administered to the subject being 
treated, e.g. human body or animal,, so as to be 
incorporated into the DNA and/or RNA components of the 
body or cell so as to either interfere with the 
synthesis of the body or cellular DNA and/or RNA or to 
attack tumors or to, in effect, kill or otherwise 
interfere with the growth of undesired cells. 
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The administration of the nucleotides and/or poly- 
nucleotides containing the nucleotides to the body, 
human body or animal, can be effected by a number of 
suitable means. Particularly effective would be the 
intravenous introduction to the body of preparations 
containing the nucleotides of this invention and a 
suitable physiologically acceptable carrier or the 
nucleotides could be administered subcutaneously , 
transdermally, or intramuscularly or by direct intro- 
duction into the site where the chemother apeutic or 
6ytotoxlc effect of the nucleotides is sought or 
desired to be" effective. Not only could desired 
chemotherapeutic or cytotoxic effects be achieved 
iystemically or locally but also, as indicated 
hereinabove, the special P, S, B and Sig-containing 
nucleotides of this invention, including polynucleo- 
tides containing such nucleotides, are useful as 
immune-stimulating agents and adjuvants therefor. 
Accordingly, vaccines containing the special nucleo- 
tides and polynucleotides in accordance with this 
invention can be prepared having improved effectiveness 
and versatility. 

Of special interest in the practices of this invention 
improved polynucleotides incorporating the special 
nucleotides of this invention are provided as inducers 
or stimulatAnq^Agents for the production of interferon. 
Suchluu^ would be single-stranded or 

double-stranded ribonucleotides, dsRNA , having the 
structures, 
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A A ' A" A" " 
B B' B" B ' ' ' 




or 



A 




A A' A" A ' ' ' 



where A and B are complementary base pairs, such as a 
•purine, a 7-deazapur ine or pyrimidine modified by the 
addition of an organic moiety Sig in accordance with 
the disclosures of this invention on the 5 position of 
the pyrimidine ring or the 7 position of the purine 
ring or the n2 of guanine, or the N« of adenine or the N 4 
of cytosine as described herein. The modifications of 
the polynucleotides at these positions lead to relatively 
undisruptive or non-disruptive double-stranded nucleic 
acid molecules as measured by rates of association and 
melting points. In the special polynucleotides of this 
invention employed as inducers of interferon and other 
cellular or humoral factors or components, such as 
lymphokines or cytokines, the following groups would be 
attached thereto as indicated by the formulas, 
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in the utilization of the special polynucleotides of 
this invention, such as the special dsRNA of this 
invention in the induction process for the productxon 
of interferon it has been demonstrated that DEAE- 
dextran facilitates this operation. It appears ha . 
^ DEA E-deKtran complexes with dsRNA and protects it 

nuclease degradation, thereby enhancing 
Uaction. It has also been noted that poly rC.rl i. 
taken into cells more efficiently when complexed wt h 
DEAE-dextran. Accordingly in the practices of this 
invention the hydrophobic properties and. he ionic or 
electron charge properties of the special dsRNA of this 
invention are important factors and capable. of _ 
manipulation in the applicability of these mater als to 
induce inteferon production. It has been observed 
that such conditions or factors which promote the 
induction of interferon also lead to and promote the 
induction of other cellular or humoral components, such 
as iymphokines and cytokines. It is apparent, 
therefore, that the special nucleotides of this 
invention act as immune modulators and stimula tor of 
tH. immune response other than simply being 
as inducers of interferon production. Superior, agents 
for the above in accordance with the practices of this 
invention would include nucleotides wherein the Sig 
moie ty incorporates biotin or streptavidin or avidin. 

Po iy r I. poly rC complexed poly L-lysine exhibits 
adjuvant prpperties and such properties are enhanced 
and improved in accordance with the practices of this 
invention when the poly rl and poly rC components are 
modified to include one or more of the special 
nucleotides in accordance with this invention. 
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The preparation of DNA probes in accordance with 
another aspect of this invention can be carried oat in 
a manner which, does not require the preparation or 
utilization of the special nucletoides described 
herein. For example, double-stranded DNA can be 
reacted with a carcinogen or alkylating agent. After 
the carcinogen has reacted with or alkylated the 
double.-stranded DNA, the resulting modified DNA is 
melted to produce a DNA hybridizing probe containing 
the reaction product of the DNA and the carcinogen or 
alkylating agen.t. When thus-modified or reacted DNA is 
"employed" as a hybridizing probe, any resulting formed 
double helix or. double-stranded DNA would be assayed or 
searched out by means of a double antibody technique. 
The primary antibody would be an anti-carcinogen and 
the secondary antibody would be hor ser adish-peroxidase 
conjugated anti-peroxidase antibody. The advantage of 
this rechnique is that it would be easy to label the 
double-stranded DNA. This special approach is 
indicated hereinabove in the : examples accompanying the 
description of this invention and is generally applica- 
ble for the preparation of DNA probes from double- 
stranded or double helical DNA. However, this 
procedure is a disruptive procedure involving the 
modification of the double helical deoxyribonucleoti.de 
polymer or DNA. 

in the description of the special nucleotides and 
modified DNA employed or developed in the practices of 
this : invention, mention has been made of mono, oligo 
and polysaccharides. It is pointed out that derivatives 
of mono, oligo and polysaccharides are also useful in 
the preparation of the special nucleotides of this 
invention. For example, it is possible to modify 
individual sugar moieities employed in the make-up of 
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the special nucleotides and employ the resulting 
modified sugar moieties to effect or carry out 
additional chemical reactions. Such modified mono, 
oligo'and polysaccharide moieties, when employed as the 
Sig mpieity in the preparation of the special nucleo- 
tides'^ this invention, provide an added versatility 
with respect to the detection of the nucleotides or 
other : compounds containing such modified saccharides 
^either as the sugar ^Was the Sig moiety thereof. 

In another aspect of this invention the Sig moiety 
instead 6t being attached to a nucleotide could also be 
attached to proteins. Not only could such proteins be 
attached to . nucleotides or polynucleotides but also 
such proteins could be identified per se whether 
attached to a nucleotide or polynucleotide or un- 
attached. In accordance with the /practices of this 
aspect of the invention, a suitable such protein adduct 
would have the formula, 




wherein Ri is an OH or an amino acid or acids and R2 is 
an amino acid side chain and R3 k is H or an amino acid 
or aicids and Sig is attached to the Ri and/or R 2 and/or 



R 3 , 



